METAL 
PROGRESS 


wa 
= oil 
: 


melt 


Induction Heating is used to heat all metals, 
including the new high-temperature alloys and 
exotic metals, to temperatures ranging from a 
few hundred degrees to several thousand degrees. 


Historically, Induction Heating manufac- 
turers have specialized and have provided a 
service to specific application areas. This special- 
ization has confined the many advantages of 
Induction to a few specific fields. Actually, most 


More A M equipment in use than any other make. 


Heating is out ONLY Business 
J 
m agnethermic 


CORPORATION 


metalworking operations can be improved by the 
use of Induction equipment. 


By joining the pioneer companies (Ajax 
Electrothermic, Ajax Engineering and Magne- 
thermic) into one company, we offer a service 
unavailable before. A single manufacturer of 
Induction equipment with the background, facili- 
ties and product line permits an unbiased 
evaluation of your heating or melting application. 


President 


GENERAL OFFICES: Youngstown 1, Ohio 


AJAX ELECTROTHERMIC DIVISION 
Trenton 5, New Jersey 


MAGNETHERMIC DiVISION 
Youngstown 1, Ohio 


AJAX ENGINEERING DIVISION 
Trenton 7, New Jersey 
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January 1960 . . . Volume 77, No. 1 
Cover carries the international theme tied in with 


an artist’s conception of a nice clean teeming ae= 11 


ladle. A prizewinner for Payiuis Harvey in the 
annual competition at Cleveland Institute of Art. 


Electroslag welding comes to U.S.A. . . . Rocket motor cases: renewed hope for titanium 
. . » Notes from Electric Furnace Conference . . . Sandwich panels made by resistance 
welding . . . New salt bath nitriding process . . . Materials progress in ceramics and 
graphite . . . New electron emission microscope . . . More color for metals. 


Annual International Review of Metallurgy 
An English Metallurgist Looks at Progress in Metal Forming, 


In this review of forming practices here and in Europe, the author suggests several areas 
where the metallurgist can make valuable contributions, such as development of new 
cold drawing alloys, and methods for processing familiar alloys. (G4, G5, G9, G14) 


Steel Castings for High Duty, by Hans E. Hubscher .......................-.. 20-20-05. 


Brief description of equipment installed at a leading Swiss foundry and the manufac- 
turing and control methods for making steel castings for especially severe services. 
(E-general, 1-52; ST, AY) 


High-Temperature Alloys in the U.S.S.R., by A. G. Guy 


Soviet research covers a wide range of topics having a bearing on high-temperature 
strength and plastic deformation. Close cooperation is maintained between research and 
industry for rapid application of scientific advances. (Q-general, M24, 2-61; SGA-h) 


Improved Aluminum Alloys for Bright Anodizing, by F. Howitt and I. H. Jenks ............. 


Aluminum of commercial purity with balanced magnesium and silicon additions, or 
alloys of the Al-Zn-Mg-Cu family, all produced under rigid control in mill and heat 
treating operations, re an excellent combination of low cost, good strength, and high 
reflectivity. (L19; Al-b) 


High-Temperature Research in Europe and Asia; Staff Report.......................-2.--. 


One afternoon of a California symposium on high-temperature technology was devoted 
to talks by several conferees from overseas. They discussed some of the many and various 
research projects being carried on in England, France, Germany, Sweden, Norway and 
Japan. (A9, 2-62) 


Welding a Pressure Vessel for a Canadian Test Reactor, 


by A. M. Bain, A..H. Clark and M. J. Lavigne.................--seegeeeeee 


Fabrication of a pressure tank from Type 347 stainless steel posed a serious welding 
problem because of the thick section required. ee was done in such a way as to 
expose Type 347 stainless — either as a weld or backing bar — to the interior of the tank, 
where corrosion resistance is important, and backing this with Type 307 + 1% Mo 
which has better hot ductility. (K1, T26q; SS) 


Electropolishing of Colombium and Tantalum, 


Electropolishing in a solution containing hydrofluoric acid proves best for preparing 
columbium and tantalum specimens for microhardness measurements. (M20p; Cb, Ta) 


Table of Contents Continued on Page 3 


*The coding symbols refer to the ASM-SLA Metallurgical Literature Classification, 


International (Second) Edition, 1958 
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This is THERMAL FATIGUE 


This photograph shows a heat-resistant alloy casting 
after thermal-fatigue failure. 

Thermal fatigue begins with cyclical heating and 
cooling which produces alternate expansion and con- 
traction. The shape of the casting hinders this expan- 
sion and contraction. As a result, hindered expansion 
and contraction stresses develop and increase until plas- 
tic flow occurs. This plastic flow produces a network of 
thermal-fatigue cracks and this cracking leads to failure. 


Thermal fatigue is an inherent problem in heat- 
resistant castings. As such, it occupies an important 
place in Electro-Alloys research efforts to lengthen life 
of components working under high temperatures and 
severe cyclical conditions. 


We have created apparatus that assesses and analyzes 
the variables of thermal fatigue. Check with your Electro- 


Alloys representative for the meaning of our thermal 
fatigue data as it pertains to the material, design and 
service conditions of your heat-resistant castings. 


Send for free technical booklet on Thermal Fatigue 


Please send me free copy of “The Mechanism of Thermal 
Fatigue,” by Howard S. Avery—comprehensive report based 
on extensive lab studies: 


Name 
Title 
Company 
Address 
City. State___ 

Electro-Alloys, 2011 Taylor St., Elyria, Ohio 
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Hot Pressing Powders in England, by Alan Blainey 
Techniques for hot pressing beryllium and cermet powders are described. High pressures 
and temperatures are both necessary, and steel sheathing is often needed for larger parts. 
(H14h; Be, 6-70) 


Failure in a Shaft, by Ariel Taub 
A fatigue failure suffered in service by a shaft was investigated and found to be due to 
improper quenching. (Q7, Q29, 2-64; ST) 


Sponge Iron in Mexico, by Gunther H. Muller 
In the past few years, Hojalata y Lamina’s plant in Monterrey has produced over 
110,000 tons of sponge iron. This gaseous reduction process (termed HyL) produces 
material which is virtually free from residual elements and makes an excellent electric 


furnace charge. (D8j) 


Vacuum Treatment of Molten Steel in Germany, 
by P. J. Wooding and W. Sieckman 
Developed by Dortmund-Horder Huttenunion, this process is applicable to electric 
furnace, pot, Cat and oxygen converter production. It operates on the basic principle 
of forcing successive —— of liquid steel into a vacuum vessel by atmospheric 
pressure. Controlled alloy additions can be made late in the degassing cycle. (D8m) 


Training Metallurgists in the U.S.S.R., by Ian G. Slater 
Russia has 26 institutes devoted to the teaching of metallurgical and allied curricula. 
The faculties are of the highest caliber; pay is up to ten times that of a mechanic. 
Applicants for entrance number many times the available openings, and students know 
that their future depends on successful scholarship. (A3) 


Explosive Forming in Canada, by H. P. Tardif 
Canadian firms are increasing their research efforts in explosive forming. Aircraft com- 
panies report successful forming of skins and engine parts. The investigation of metal 


athering — explosive forming which results in the walls of the formed part being 
thicker than the original workpiece — has continued, and welding by explosive impact 
is being explored. (G-general, K6; NM-k34) 


Golden Gate Metals Conference Program 


Critical Points 

Report on the Metric System 
Engineers favor adopting the metric system by better than 15 to 1. How to go about it 
is not so clear-cut. 


Book Review 

Nimonic Alloys, Reviewed by J. B. Johnson 
Engineers interested in the practical application of one of the most useful of the high- 
temperature alloy systems will welcome this British book by W. Betteridge. 


Data Sheet Metals Engineering Digest 
Machining Ultra-High-Strength Alloys, Metal Conference in Germany 


Sheet II of Two Electropolishing 
Pig Iron From Iron Sulphide 


Short Runs Hydrogen Embrittlement in Copper 
Celluloid Replicas Aid Study of Metal Al-Zn-Mg Alloys 
Fractures, by Konrad Kornfeld Failure of Metals 


Welding in Red China 
Correspondence 
Readers Vote Yes on Metric System, by 
William A. Goering, Roland V. Hutch- Application and Equipment 
inson, Ursula E. Wolff, Wroyce W. New Products 
Starnes and H. O. Fuchs 
A Metallurgical Celebration in Germany, Behind the Bylines 
Advertisers’ Index 
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FOOT 


MINERAL COMPANY 


New steel 
degassing technique 
uses 


CAPSULES 


Lithium added to the ladle scavenges oxygen and 
hydrogen from stainless or low alloy steels. Lithium 
capsules plunged into the ladle vigorously agitate 
the melt for about 15 to 45 seconds. Degassing is 
effected with the complete vaporization of the 
lithium in the melt. 

Fast, low-cost lithium degassing increases sound- 
ness of billets and improves internal cleanliness. 
The product of deoxidation (Li,O) is of low specific 
gravity and completely self-fluxing. Hence it can- 
not be trapped in the steel. And the cost of the lith- 
ium additions can be as little as 10c per ton of steel. 

A Foote sales engineer can give you all the 
details you need to make your steels cleaner and 
sounder. Be sure to read our Bulletin 101 Lithium 
Metal. For your copy, write Technical Literature 
Section, Foote Mineral Company, 424 Eighteen 
West Chelten Building, Philadelphia 44, Pa., or 
Box 479, Knoxville 1, Tennessee. 
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News About the Atom 


The other day the Editor-in-Chief was in a friendly discus- 
sion with Andy Kramer, editor of Atomics (a newsy pamphlet 
issued by Power Engineering), and Jerry Luntz, editor of McGraw- 
Hill’s Nucleonics, about which one was first in the field. It appeared 
to be almost a neck-and-neck race, for Atomics was born in Septem- 
ber 1945 and Nucleonics as a mimeographed document privately 
circulated in August of the same year. They beat Metal Progress 
by a hair’s breadth, for our issue for September 1945 carried Presi- 
dent Truman’s announcement that an atomic bomb had been 
dropped on a Japanese city, and in December 1945 we printed a 
32-page condensation of the so-called Smyth Report, the official 
history of the Manhattan Project. Since then we have (in addition 
to numbers of articles on metals used in atomic reactors) printed 
very frequently the “Atomic Age” page carrying without comment 
verbatim extracts from official documents, principally on the polliti- 
cal aspects of atomic weapons, the biological effects of radioactive 
fall-out, or the economics of atomic power —all items admittedly 
outside the field of metals (materials?) engineering, but matters 
of transcendent npetiance to all metallurgists and the metallurgical 
industries. 


The Open Door— As is indicated above, editors do talk. In 
another such “confab”, Editor Merrill of Plastics observed that his 
industry was suffering from an acute case of secrecy and wondered 
what was the situation in metals, whereupon Editor Thum said 
that most branches of his industry had discovered that a fence 
fences out more desirable information than it fences in. While 
most publicity and advertising men are much more communicative 
about the high qualities of the stuff they make rather than how they 

: make it, the latter information is usually available to well-qualified 
members of the engineering press. Without drawing any invidious 
comparisons, the aluminum industry may be cited. Some 40 years 
ago, Aluminum Co. of America had a practical monopoly on ingot 
production; its metallurgists would attend meetings, all ears, but 
with closed mouths. Later, Alcoa was required to divest itself of 
its Canadian subsidiary. Then came World War II and to Alcoa’s 
credit it devoted all the necessary talent to the design and building 
of new plants, and staffed them with members of its own operating 
organization, even though the plants were actually in the hands of 
potential competitors. At the present time an editor of a technical or 
engineering journal can find out as much as he can understand about 
the refining of bauxite, the potlines, the rolling, extrusion, hot and 
cold working of aluminum — if not from Alcoa, then from Alcan, 
Kaiser or Reynolds. 

Maybe the plastics industry has yet to grow up. 

THE Eprrors 


JANUARY 1960 


LOMA 


CONTINUOUS 
CASTING MACHINES 


¢ ROLLING MILL SLABS 
¢ EXTRUSION BILLETS 
¢ PIERCING BILLETS 

WIRE BARS 


Improve cast shop operating effi- 
ciency and metallurgical product 
quality with a LOMA fully con- 
tinuous casting machine, The 
equipment handles copper in all 
its various forms — from phos- 
phor de-oxidized and oxygen-free 
to fire refined and tough pitch. 
The basic design of the machine 
also lends itself to the casting 
of brasses, bronzes, aluminum 
and magnesium alloys. The 
shapes produced on the unit in- 
clude round piercing and extru- 
sion billets, square wire bars and 
rectangular slabs. 


Our standard line of 
equipment includes: 
@ Casting Machines and Molds 
@ Saws and Cut-off Machinery 
@ Hot and Cold Rolling Mills 
@ Rod and Tube Draw Benches 
@ Roller and Stretcher Levellers 
@ Air and Hydraulic Tube Testers 


LOMA 


MACHINE MFG. CO., INC. 
114 East 32nd St 
New York 16, N. 


\ = 
i ri i 
as 
1, 
Ri, le 
oe ‘ 
| 
: 5 


...Vancoram Silicomanganese! Ic makes structural steels rough and 
strong. In addition to its important alloying properties, Vancoram Silicomanganese acts as a 
furnace block, desulphurizer and deoxidizer, all in one Vancoram Silicomanganese comes in 
every grade you need: 


MANGANESE SILICON 
Max. 1.50% Carbon Grade ..... 65/68 % 18/20% 
Max. 2.00% Carbon Grade ...... 65/68 % 15/17.5% 
Max. 3.00% Carbon Grade ....,. 65/68 % 12/14.5% 


Also available, for foundry use, are convenient, square-shaped briquettes containing 2 Ib. manganese, ¥2 Ib. silicon. Call 
your nearest VCA District Office or write for information and recommendations. Vanadium Corporation of America, 420 
Lexington Avenue, New York 17, N. Y. « Chicago + Cleveland + Detroit + Pittsburgh 
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Producers of alloys, metals and chemicals 
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Manufactures the 
most complete range om 


INDUCTION 
HEATING 


INDUCTION HEATING conr. 
181 WYTHE AVE., BROOKLYN 11 


| | 
a 
= 
} 
He 26 
| 
| 
ELECTRON -EQUENCY 
cexperience, 
e Over 15,000 heating applica- 
tion vec 5 ide 
nittending 
Industry (he. most \cc ple 
fine. of eduction. 
. Contact our factory or yo 
local IHC resentative. 


TRULY CONCENTRIC 
ELECTRUNITE MECHANICAL TUBING 
ELIMINATES ROTOR SHAFT MACHINING 


SCROLL-TYPE BLOWERS up to 27” in diameter are mounted on ELECTRUNITE shafts, 
some up to 94” long, and designed to operate at approximately 1,110 rpm. Care- 
ful balance and uniformity of the tubing is required for high operating efficiency. 


Buffalo Forge Company, Buffalo, New York, saves valuable . 
machining time by using Republic ELECTRUNITE® Mechani- - 7 
cal Tubing in manufacturing air conditioning and ventilat- 7 
ing units. ELECTRUNITE in sizes of 3” to 3%” O.D., 8-gage, 
is used as shafting for the rotors of the blower system. 
Scroll-type blowers up to 27” in diameter are mounted on 
ELECTRUNITE shafts, some up to 94” long, and designed to 
operate at approximately 1,110 rpm. Small shafting will 


a DUE TO THE UNIFORM CONCENTRICITY of Republic ELECTRUNITE turn at 2,300 rpm. True concentricity of ELECTRUNITE is 
| toes vital to high operating efficiency of these units due to the 
shafts are bored at each end and plug inserted for the bear- careful balance required in relation to the high rpm and es 


ing. Because of the uniformity of ELECTRUNITE, only .015 of the 


weight involved. 
stock is removed before the plug is pressed into the tubing ends. 8 


Republic ELECTRUNITE Tubing, carbon or stainless, may 
solve your particular production or cost problems, too. Call 
your Republic representative, or write direct. 
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1. FIVE REPUBLIC METAL POWDERS give you broad spectrum coverage. 
Republic's wide range of iron and alloy powders cover all known physi- 
cal property requirements of metal port fabricators. Send for booklet, 
ADV. 1014 for complete technical information on Types G, N, S, and 
Type MS. Information on Type HS6460 is contained in booklet, ADV. 
1028. Write today. 


2. REPUBLIC COLD DRAWN ALLOY STEEL is used by a leading manufac- 
turer for one of the most critical components in their automobile starter 
drive assemblies—the drive pinion. Use of Republic Cold Drawn Alloy 
provides the necessary strength and tough to withstand severe 
torque, impact, and prolonged wear. Write for additional information. 


3. REPUBLIC NTLOK® FASTENERS provide secure holding power where it's 
needed most in the Twin Power Riding Mowers produced by Roberton 
Manufacturing Company, Chicago. A special nylon insert assures posi- 
tive locking, maximum holding power—even under severe vibration. The 
insert in NYLON fasteners is unaffected by age or cold, has high re- 
sistance to heat. Send coupon for additional data. 


REPUBLIC STEEL 
of Standard, aul, Stool 
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REPUBLIC STEEL CORPORATION 
DEPT. MP-8736 
1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 


Please send additional information on the following 
products: 


Republic ELECTRUNITE Tubing (Alloy Steels 
OCarbon Stainless O ADV. Booklet 1014 
O Republic NYLOK Fasteners 0 ADV. Booklet 1028 


Name. Title 


Company 
Address_ 
City. 


| 
— | 
Vio 
q va 
: | 


— 


Servo Motor has 
housing, leakproof oil wick, 
printed circuits for simplified 
servicing. Any major part con 
be replaced in 2 minutes. 


Constant Voltage Module 
— Uses Zener diodes and an 
ambient temperature com- 
pensator to replace stand- 
ardizing mechanism. 


Measuring Circuit Module—Con- 
tains easily-changed range spool 
panels ana vernier adjustment. Range 
is changed simply by replacing 
screw-clip panels of fixed resistors. 


Amplifier Module— Quick- 
connect design permits fast, 
easy removal for servicing 
and replacement. Circle shows 
quick connect plug. 


THESE FOUR NEW FEATURES ARE STANDARD WITH ALL ElectroniK POTENTIOMETERS 
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New modular 


makes ZlectnoniX potentiometers 
easier to use and maintain 


Now, four great new features add new operating 
and servicing ease to all ElectroniK circular and strip 
chart potentiometers. 


® New servo and chart drive motors are sectionalized so 
that any major part can be replaced in two minutes. 

® A new constant voltage unit replaces batteries, stand- 
ard cells and standardizing mechanisms. 

@ A new measuring circuit, with quick-change range 
spools, simplifies range changing and reduces stray 
pickup. 


e th 
Pi ERING THE FUTURE 


YEAR 


® A quick-connect feature lets you remove the amplifier 
for service and replace it quickly. 

Now, modular design is combined with the traditional 

precision of ElectroniK potentiometers, to give you a 

greater value than ever in accurate, dependable 

measurement and control. 


For full details, call your nearby Honeywell field 
engineer today. He’s as near as your phone. 


MINNEAPOLIS-HONEYWELL, Wayne and Windrim 
Avenues, Philadelphia 44, Pa. 


Honeywell 
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The entire circumference of the left hand weldment at the Tee fitting of this pipe assembly is being is A in 
a single exposure with a Model 50 Multitron. The unit can handle any isotope suitable for gamma radiography .. . and 
up to four separate sources can be contained in the same machine. A wide variety of exposures can be made— 
internal, panoramic and beam. Model 50 travels with ease anywhere in plant or field, requires no external power. 


e Exclusive multiple-source heads 
e Source strengths to 1000 curies 
e For all exposures—beam, panoramic, internal 


Select the radiography equipment that meets your re- 
quirements from the 21 standard Iriditron and Multitron 
Models now available. One of these models will give you 
the method or methods of exposure, number of sources, 
source materials, source strengths, and type of mounting 
you need. Each model is distinguished by design features 


that assure you unsurpassed versatility, performance, 
and safety. 

Get complete service from Budd— including radioactive 
source supply and encapsulation, source replacement 
and disposal, training for your personnel (without 
charge) and aid in setting up complete radiographic 
facilities. 

Write or call Budd Instruments Division for our Gamma 
Radiography Bulletin . . . or for a consultation on your 
requirements. 


INSTRUMENTS DIVISION 


A 


P.O. Box 245 + Phoenixville, Pa. 

1515 No. Harlem Ave. 

Oak Park, Ill. 

3050 E. 1ith St. 

Los Angeles 23, Calif. 

Merchant's Exchange Bldg. Room 316 

465 California St., San Francisco, Calif. 

n Canada: 

Tatnall Measuring and Nuclear Systems, Ltd. 
46 Hollinger Road, Toronto 16, Ont. 
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Meets precise metallurgical standerds In carburizing, carbonitriding), 
neutral hardening, sintering, normalizing, annealing and brariny. 


® Each zone with individual 100% forced convection @ Both forced convection atmosphere cooling and 
heating! hot-oil quench. 


® Silicon carbide skid-type hearth fully supports light- @ Ipsen pusher units are shipped completely piped, 
weight trays. wired, and tested. 


® Super-alloyed ceramic tubes guaranteed one year. Cross-section diagrams and complete details cover- 
Ipsen ''Flame-Busters" complete combustion within ing all sizes of Ipsen pusher units are shown in 
the heating portion of the tube. Bulletin P-59. Send for your copy, today. 


\PSEN INDUSTRIES, INC. - 723 SOUTH MAIN STREET ROCKFORD, ILLINOIS 
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 Here’s the NEW Ipsen pusher hect treating unit 
} 


Vending machines can now stay brighter, 
newer, longer... thanks to amazing 
new Sharonart*. 

Believing few machines are subject to 
the abuse received daily by the vending 
machine, nationally famous designer Peter 
Schladermundt recognized the many ad- 
vantages Sharonart* would impart to this 
hard working equipment. 

; Sharonart* is patterned steel at its 
+ ; finest . . . and the many pattern combi- 
wie Famed designer nations present a new plateau for the 
machine designer.He can now make model 
Peter Schladermundt changes simply by altering steel patterns. 
marking and now vending machines will 
using New Sharon Steel. be able to absorb much more punishment 
without losing their attractiveness. Too, 
with modern painting techniques, manu- 
facturers are able to achieve smart, new 
color combinations to give their product 
even greater beauty and sales appeal. 

Wherever functional beauty and long 
life are desired, Sharonart* is the one 
perfect metal. For additional information 
write Sharonart, Sharon Steel Corporation, 
Sharon, Pa. 

Aside from designing the vending machine of 
Sharonart*, Peter Schladermundt has created an 
entire new process of machine vending. By de- 
veloping special racks, machines can be easily 
added and removed according to demand, and/or 
for refilling. Rack could be made as a fixed wall 
type, or as an island, with machines operated 


rom both sides. Machines could be hung in- 
dividually or doubly, saddle style. 


Note: The vending machine idea illustrated 
on these pages is not now a manufactured 
product. It is a design only. oTM 
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KNOW YOUR ALLOY STEELS... 

This is one of a series of advertisements dealing with 
basic facts about alloy steels. Though much of the informa- 
tion is elementary, we believe it will be of interest to many 
in this field, including men of broad experience who may 
find it usefu to review fundamentals from time to time. 


Quenching and Tempering Alloy Steels 


Of the various methods of heat- 
treating alloy steels, one of consid- 
erable importance is that involving 
quenching and tempering. This 
method, which enhances the me- 
chanical properties of the end 
product, differs materially from nor- 
malizing and annealing (previously 
discussed in this series). 

The purpose of quenching is to 
effect a cooling rate sufficient to de- 
velop the desired hardness and 
structure. 

Before quenching takes place, 
steel is heated to a point above the 
transformation range. Quenching is 
the subsequent immersion of this 
heated steel in a circulated or agi- 
tated bath of oil, water, brine, or 
caustic; or, in the case of austemper- 
ing or martempering, generally in 
agitated molten salt baths at a pre- 
scribed temperature. Austempering 
and martempering are preferable 
where a minimum of distortion is 
desired. 

Quenching increases the tensile 
strength, yield point, and hardness 
of alloy steels. It decreases ductility 
—that is, elongation and reduction 
of area. It also decreases resistance 
to impact. However, by means of 
tempering, it is possible to restore 
some of the ductility and impact- 
resistance—but only at a sacrifice of 
tensile strength, yield point, and 
hardness. 

The results of mild oil- or water- 
quenching as related to mass effect 
can be found in the end-quench 
hardenability test. Voluminous data 
concerning this test are issued by 
AISI and SAE in the form of 
hardenability bands for the various 
grades of alloy steels. 


If thermal cracking is to be 
avoided, cooling by liquid quench- 
ing should not be carried to a point 
below 150 deg F. When a tempera- 
ture of 150 deg F is approached, im- 
mediate tempering should follow. 
Because of residual stresses, no steel 
should be used in the as-quenched 
condition. 

Tempering can be defined as re- 
heating to a specified temperature 
below the lower critical range, fol- 
lowed by air cooling. It can be done 
in furnaces, oil, or salt baths, the 
temperatures varying from 300 to 
1200 deg F. With most grades of 
alloy steel, it is best to avoid tem- 
peratures between 500 and 700 deg 
because of the “‘blue brittleness” 
that occurs in this range. Maximum 
hardness and wear-resistance result 
from tempering at low temperatures; 
maximum toughness is achieved by 
tempering at the higher levels. Of 
course, one of the essential reasons 
* tempering is to relieve the resid- 
. al stresses set up in quenching. 

Bethlehem metallurgists have de- 
voted years of study to all phases of 
heat-treating. By all means call 
them if they can be of service to you. 
And please remember, ‘when you are 
next in the market for alloy steels, 
that Bethlehem makes all AISI 
standard grades, as well as special- 
analysis steels and the full range of 
carbon grades. 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


Export Distributor: gETH| HEM 
Bethlehem Steel Export Corporation STEEL 


BETHLEHEM STEEL 
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the easy modern way to determine exact working temperatures! 
Just mark or stroke the surface with THERMOMELT ... 
i when it reaches the desired temperature, the mark liquefies. ; 


There’s no guesswork, no wasted time or material .. . 
THERMOMELT is the quick, precise way to determine A STIK 
heating temperatures. Accurate to within + 1%. FOR EVERY I 


TEMPERATURE 
Es ALSO AVAILABLE IN LIQUIDS AND PELLETS from 113° F. im 
i for inaccessible or hard-to-measure applications. to 2000° F. iim 
ee Wide range of temperatures. 
SAMPLE CUT OUT AND MAIL TODAY! = 


Use coupon for sa 7 
Thermomelt Peliets 
and literature. 


MARKAL COMPANY: Please send sample of THERMOMELT Pellets. 
Details of your application 


Temperatures to be indicated 


NAME TITLE 


ADDRESS 
cITY ZONE STATE 


MY SUPPLIER IS___ 
( Welding Distributor Mili Supply House Other 
ADDRESS 
ZONE_____ STATE 


MARKAL COMPANY 


a. 3052 West Carroll Avenue 
ake Chicago 12, Illinois 
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plan to attend ! 


METALWORKING 
ND-UP 
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This is a regional event of national Significance, important to YOU because it demonstrates new 
developments, new too!s, new techniques and processes . important to YOU beczuse 
it brings into focus every ingredient of the Saahivueee:' upsurge in industrial. progress. 
Dallas is @ convenient centerpoint in a vast industrial trace 2rva that spans a 600-mila 
radius from Albuquerque to.St. Louis to Birmingham .. . so Davlas is the place te 62 in 
May of 1960 for an opportunity to increase your knowledre of metals and processes aa 
to attend important technical sessions of ASM and the Society for Nondestructive Testing. 
Tour the colorful exhibits of leading southwestern and national tone Plan now to attend. 


SOUTHWESTERN METAL EXPOSITION and CONGRESS 


AMERICAN SOCIETY FOR METALS 


Metals Park ‘Noveity, 


al 
S.7822 
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at the SOUTHWESTERN METAL EXPOSITION 
Fair Park - Dallas, Texas May 9-13. 

State Fair Park - Dallas, Texas - May 9-13. 
> | ‘FEW EXCELLENT 
| ELOCATIONS. = 
AVAILABLE 
INTACT: 


get it 


AS FAST...AS DEPENDABLE 
as requisitioning from your own stock room 


ESS Planning to use tantalum in your product? Already using 
it? In either case, you can count on immediate delivery 


; from stock of Fansteel tantalum sheet. 
IMMEDIATE DELIVERY 4 A little over a year ago, we introduced an exclusive 
a Farsteel service of stocking the more commonly used sizes 
ON THESE THICKNESSES of ta: talum sheet. The demand was immediate. Now we’ve 
expanded our stocking program to include 7 more popular 
sheet sizes. To you it means that you’ll get the tantalum you 
need ... exactly as ordered ...delivered when you need it. 
And this Fansteel service will save you time and money 
by giving you the flexibility of quick deliveries and lower 
inventory costs. 
MOLYBDENUM USERS get the same benefits from the 


Write f latest pri bulleti 


2.602 giving complete prices for both 
stock items and special mill runs. 
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HIGH TEMPERATURE 
METALS 
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North Chicago, Ill., U.S.A. 
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in use today 
in the 

1200°- 1800° F 
range 


In all ways, René 41 is a remarkable alloy. No other 
high-temperature alloy used in production today 
equals its tensile strength. In other properties, too, 
René 41 is far ahead of the field. 

Also important, this nickel-base, vacuum-melted 
alloy is easy to work with. It’s readily formable by 
drawing, bending, spinning — welds to similar or 
dissimilar materials. 

Cannon-Muskegon offers René 41 in standard 
36"x 96” sheets .015” to .125” thick, in smaller sizes 
down to .010”, in bar stock up to 3” in diameter... 


YIELD STRENGTH 


foil down to .001 in thickness ... and fine wire only 
-0015 in diameter. 


For complete details, write for Technical bulletin 
No. 86. 


UnrraMer 


k VACUUM ALLOYS © 


CANNON-MUSKEGON CORPORATION 


2879 Lincoln Avenue * Muskegon, Michigan 
SPECIALISTS 59 
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achieves uniform grain size 
ted speeds” 


This Surface line is designed to continuously heat brass strip at speeds up to 
200 feet per minute. 

But unprecedented process speed is not the only profit which can be credited 
to Surface Power Convection, which heats the strip. Equally important are 
uniform control of grain size from edge to edge, and improved surface quality. 

The key to such high-speed high-quality production is the tremendous 
wind velocity achieved by Surface Power Convection. In this furnace, wind 
speeds reach 136 miles per hour—a velocity unheard-of in convection fur- 
naces up to now. 

And the best news about Surface Power Convection is that it can be 
applied to virtually any type of heat treating equipment you can think of— 
batch or continuous, direct or indirect fired, straight air or atmosphere. 

You know how higher speeds and better quality could improve your profits. 
Surface Power Convection will give you both. Write for Bulletin SC-182. 
SURFACE COMBUSTION - 2377 Dorr Street, Toledo 1, Ohio 
A DIVISION OF MIDLAND-ROSS CORPORATION 

In Canada: Surface Industrial Furnaces, Ltd., Toronto, Ontario 
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Uranium melting on a production basis is easily accomplished with 
this Stokes induction melting furnace. Designed for safety and con- 
venience, the furnace is serviced from the top and features a removable 
bottom section to facilitate handling of poured materials. It is typical 
of the inherent flexibility of Stokes equipment which meets the demands 
of specific processing techniques and requirements. 


New applications for metallizing are developing at a rapid pace. 
Vacuum coating with corrosion resistant cadmium and aluminum is play- 
ing an increasingly greater role in production of critical, high tensile 
strength aircraft parts. Lustrous layers of aluminum, vacuum applied on 
jnexpensive metals, can produce quality outdoor lighting reflectors at 
lower costs. Electronic components, such as resistors, utilize vacuum de- 
posited metallic coatings to achieve weight and space savings with im- 
proved reliability, stability and uniformity of temperature coefficient. 


Pra 


With a quickening pace, Stokes vacuum metal- 
lurgical equipment is helping industry find new 
paths to profit through a combination of 
intensified research and practical produc- 
tion techniques. 


Stokes design experience coupled with complete 
manufacturing facilities makes possible meaningful 
technological developments in vacuum metallurgy. 
A complete range of types and sizes of furnaces and 
metallizers are available, and you get a complete 


High order investigations in vacuum melting are made possible with 
this Stokes 50-lb. vacuum furnace. A production unit as well, it is available 
in single or dual chambers plus a variety of automatic types. The unit is 
shipped as a completely assembled, ready-to-operate system to save 
customers time and money. 
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Vacuum Metallurgical Equipment 


system . . . Stokes becomes a single source of responsi- 
bility for performance and reliability. The same 
unique design and fabrication ability is easily and 
economically applied to many types of special 
metallurgical equipment to meet specific cus- 
tomer requirements. 


Stokes offers advantages that take the guesswork out 
of operations and brighten your profit picture. For 
example, Stokes can deliver a complete turnkey 
installation —erected, tested and delivered “‘in opera- 
tion.”’ And stocked components mean faster delivery, 


Special sintering applications and solid-state processing technique 
investigations are handled by new Stokes cold wall furnace. It reaches 
further into the high temperature ranges... depending on application, up 
to 2500° C ot sub-micron pressures. For use with refractory as well as more 
common base metals and alloys, the furnace is ideally suited to both 
research and production services. 


fewer costly holdups. What’s more, a Stokes 
system offers optimum efficiency, operating sim- 
plicity and low maintenance. 


Standard Stokes Vacuum Furnaces range from 
small, compact R&D models to full production 
size systems. They’re available for melting, refin- 
ing, casting, heat-treating, sintering, brazing and 
degassing. Custom-designed units are available to 
meet unique requirements. Metallizers are avail- 
able in a wide range of sizes for a variety of appli- 
cations. And Stokes complete service is yours both 
before and after the sale, whenever you require it. 


Take full advantage of Stokes advanced vacuum 
technology. The Stokes Engineering Advisory 
Service will assist you in planning and designing 
an installation that will best ‘serve your exact 
requirements. Why not contact Stokes —today. 


Vacuum Metallurgical Division 
F. J. STOKES CORPORATION 
5500 Tabor Road, Philadelphia 20, Pa. 
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This laboratory is a 


giant testing machine 


in itself 


_Designed to accommodate a wide range of concrete specimens, from 
small beams to large structural assemblies, this hydraulic testing 
machine utilizes the building floor as an integral part. 690 holes 


load applicator bars to a series of 10-ton rams below floor level. 


tenance problems. 


Readings, Etc. 


5 ® 
if Rie h le TESTING MACHINES 


in the floor permit versatile arrangements of tie rods which connect 


DIVISION OF 
American Machine and Metals, Inc. 


EAST MOLINE, ILLINOIS 
“One test is worth o thousand expert opinions’’ ™ 


From below the floor... 
load delivered by RIEHLE units 


Mounted on casters, mobile RIEHLE pump and indicator units provide a 
compact, simple power supply for the rams. A minimum of interconnecting 
lines and fittings are used to reduce setup time and eliminate major main- 


Available in capacities from 10,000 to 400,000 pounds, rRIEHLE hydraulic ’ 
units meet your most exacting requirements for either complete standard s 
testing machines or for custom designed equipment. - 


Available from RIEHLE 
Testing Machines, Creep, Stress Rupture and Fatigue Testing Machines, 
Impact, Brinell, Torsion, Construction materials, Horizontal Chain, Rope f 
and Cable Testing Machines, Portable Hardness Testers for Rockwell 


Hydraulic and Screw Power Universal 


MAIL COUPON TODAY FOR ADDITIONAL INFORMATION 


RIEHLE TESTING MACHINES 

Division of American Machine and Metals, Inc, Th 
Dept. MP-160, East Moline, Illinois ar 
Please send free literature on RIEHLE Testing Machines. ae 


(Type of Machine) 


NAME 


COMPANY 


CITY &@ ZONE STATE 


at Portland Cement Association's Research 
Development ‘Laboratories, Skokie, 
Illinois. Diagram shéws hydraulic mecha nics. 
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Salt Bath Furnaces 

New gas or fuel-fired salt bath 
furnaces have been announced by 
Ajax Electric Co. Operating to tem- 
peratures as high as 2300° F., Ajax- 
Ankerson furnaces are suited to heat- 
ing for forging, billet heating, casting 
and other heavy-duty work involving 
high tonnage volume in addition to all 
ordinary salt bath operations. Heat- 
ing of the salt is accomplished by 


radiation to the bath surface in an 
enclosed chamber. There are no 
heating elements or alloy pots. Circu- 
lation of the bath is obtained by an 
air-bubbler agitator. With this system, 
forced air is projected to the bottom 
of the bath through a series of metal 
tubes. This circulates the bath and 
assures no more than 10° F. tempera- 
ture variation in any part of the bath 
working area. 


For further information circle No. 1 
on literature request card, page 48-B. 


Nuclear-Quality Tubing 

The first two grades of nuclear- 
quality tubing made to _ published 
standards have been announced by 


Superior Tube Co. Nuclear-quality 
heat exchanger tubing and nuclear- 
quality fuel element tubing are fur- 
nished in seamless austenitic stainless 
steels, Types 304, 304L, 316, 347 and 
348. Maximum limits are set for the 
carbon, manganese, phosphorus, sul- 
phur and silicon and for the tantalum 
content of Type 348 stainless steel. 
Maximum copper, molybdenum, cobalt 
and boron are also specified. The fin- 
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ished tubing is 100% inspected for 
dimensions. 

For further information circle No. 2 
on literature request card, page 48-B. 


Vacuum Brazing 

F. J. Stokes Corp. has announced 
equipment for production-scale braz- 
ing of honeycomb structures under 
vacuum. The equipment can braze 
panels over 50 sq. ft. in area. A cylin- 
drical chamber rolls horizontally on 
twin rails, opens for loading by mov- 
ing to the left, then closes against 
a fixed end-plate for evacuation. Heat- 
ing elements extend across the lower 
heating tray, all along its length. A 
duplicate array of heating elements 
is provided in the upper heating frame 
which is mounted within the chamber. 
A tacked-together honeycomb sand- 
wich is placed on a reference base con- 
sisting of a block of graphite. A cover 
sheet is placed over the panel and 
sealed with an O-ring gasket. A simi- 
lar cover and gasket below the graph- 
ite block completely enclose the panel. 
During the brazing process, hydrau- 
lic cylinders in the top of the chamber 
force the upper heating frame down 
onto the cover sheet, compressing the 
O-ring gaskets and sealing the enve- 
lope around the honeycomb panel. 


For further information circle No. 3 
on literature request card, page 48-B. 


Roller Coater 

A new roller coater designed for 
easy cleaning and for use with ma- 
terials or compounds of high viscos- 


| 


ity has been announced by Murray- 
Way Corp. The upper applicator roll 
of the roller coater is hinge-mounted 
so that it may be opened for cleaning. 
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Materials or compounds are applied to 
the rolls by “ironing” them onto the 
applicator roll. When extra heavy 
coatings are required or when a con- 
ditioner must be applied to the work 
before the final coating, roller coaters 
may be used in tandem. 


For further information circle No. 4 
on literature request card, page 48-B. 


Ultrasonic Gage 


A compact, portable ultrasonic thick- 
ness gage that weighs 10 lb. has been 
announced by Sperry Products, Inc. 
The new gage will measure thickness 
and inspect for corrosion in pipe, stor- 
age vessels, hull plates and similar 
applications. Measurements may be 
read on a directly calibrated meter 
which eliminates the necessity of in- 
terpreting them through an oscillo- 


scope and charts. Alarm lamps are 
provided to set thickness limits. This 
gage uses the pulse-echo method of 
detecting changes in metal thickness. 
It will also detect flaws and other 
small discontinuities. The pulse-echo 
type of gage is capable of measuring 
thickness where the surfaces are not 
parallel or are pitted or rough because 
it needs only one reflection of the 
ultrasonic energy in order to make a 
measurement. 


For further information circle No. 5 
on literature request card, page 48-B. 


Aluminum Etchant 


Pennsalt Chemicals Corp. has an- 
nounced a new aluminum etchant in 
solid form. The new solid compound 
AE-16S produces a durable satin etch 
on architectural aluminum, is non- 
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Wire Quality Starts Here 


Melt shop origin is an infallible guide to consistent quality in stainless steel wire. 
J&L craftsmanship and modern equipment for hot rolling, cold finishing and 
final processing rely on melt shop quality to consistently meet your most 
exacting specifications. 

J&L leads the industry in melt shop standards for stainless steel—the point 
where consistent quality starts and better wire products begin. 


STAINLESS 


SHEET STRIP BAR WIRE 
Los Angeles « Kenilworth (N. J.) * Youngstown + Louisville (Ohio) « Indianapolis + Detroit 


Jones & Laughlin Steel Corporation + STAINLESS and STRIP DIVISION «+ Box 4606, Detroit 34 
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sealing and eliminates sludge. It is 
used at 2 to 8 oz. per gal. of water 
at 140 to 170° F. 


For further information circle No. 6 
on literature request card, page 48-B. 


Torsion Testing 

A low-capacity torsion testing ma- 
chine featuring electronic indication 
of torsional load has been announced 
by the Tinius Olsen Testing Machine 
Co. The tester is equipped with a 
variable speed range from 5 to 180° 
per min., and speeds can be selected 


and maintained by a variable-speed 
electronic motor drive. A 28-in. dial 
has four load range capacities. This 
bench-top machine which is available 
with a capacity of 10,000 in.-lb. will 
accommodate specimens up to 1 in. in 
diameter and 24 in. long. 


For further information circle No. 7 
on literature request card, page 48-B. 


Furnace Basket 

Corrugated construction to add 
strength to new parts-holding heat 
treating baskets has been announced 
by Wiretex Mfg. Co., Inc. The baskets 
are made of ‘%-in. Inconel and can 


hold 500 lb. of parts. Parts rest on a 
separator screen of Inconel wire. For 
jobs in which a two-tier arrangement 
is desirable, a special rack fits into the 
basket and supports a second separator 
screen. 


For further information circle No. 8 
on literature request card, page 48-B. 


Ultrasonics 

A new ultrasonic generator that re- 
quires no tuning or monitoring has 
been announced by Industrial Ultra- 
sonics Corp. It operates with an on-off 
switch and makes use of a funda- 
mental principle of feedback to effect 
automation. The actual amount of ul- 
trasonic activity in the cleaning tank 
is measured and used as a basis for 
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varying the output frequency of the 
generator. The frequency is adjusted 
automatically until maximum activity 
(cavitation) is obtained. Load changes 
resulting from displacement or addi- 
tion of solvent, heating or cooling or 
any other cause will not affect the 
operation of the system. 


For further information circle No. 9 
on literature request card, page 48-B. 


Nickel Coating 

Hanson-Van Winkle-Munning Co. 
has announced a new bright nickel 
process, Superlume. After original 
make up, only two addition agents are 
used. One provides ductility, stress 
relief and tolerance to impurities. The 
second addition agent provides high 
brightness and leveling. Agitation has 
a beneficial effect. This may be pro- 
vided by conveyor motion, mechanical 
agitation, cathode rocker or air agi- 
tation. A still bath may also be used. 


For further information circle No. 10 
on literature request card, page 48-B. 


Oven Furnace 

Charles A. Hones, Inc., has an- 
nounced a number of engineering 
changes in its bench-type oven fur- 
nace. A new cast iron venturi burner 
with modernized port design, and a 
new hearth mix of a special silicon 


carbide formula are two changes. 
Model No. 55 oven furnaces are avail- 
able in six standard sizes. 


For further information circle No. 11 
on literature request card, page 48-B. 


Electropolishing 

Wm. J. Hacker and Co. has an- 
nounced a new electrolytic lap-polish- 
ing apparatus for metals difficult to 
polish by usual methods such as tung- 
sten, rhenium, molybdenum and their 
alloys. Using the Reinacher principle 
of electromechanical polishing, direct- 
current voltage is applied to the speci- 


proving rings to measure any load 


compression 


Steel City offers two styles of proving rings which 
require no adjustment during use. The dial- 
indicator ring (illustrated) measures deflection 
in increments of 0.0001”. Applied load or force 
is determined from a calibration report furnished 
with each instrument*. With this type of ring, even 
an inexperienced operator can repeat readings 
as close as 1/10 of 1%. 


Optical-type proving rings, developed for the 
USAF, use a ruled scale and a high-powered 
microscope for readings in increments of 0.00002". 
Repear readings as close as 1/20 of 1% can 
be achieved. 


Compression and tension models are available in 
either style, with capacities up to 200,000 Ib., all 
manufactured of special-alloy steel by experi- 
enced craftsmen. They are used for calibrating 
Brinell testers, testing machines and presses, and 
load cells, or for measuring applied loads. 


* National Bureau of Standards 
calibration report when desired. 


Write for literature, prices and 
name of nearest distributor. 


8811 Lyndon Ave., Detroit 38, Mich. 
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FILL MANY NEEDS AT NEW 
KAISER ALUMINUM PLANT 


TTT 


TH} 


Ravenswood Works, Kaiser 
Aluminum & Chemical 
Corporation, Ravenswood, 
West Virginia 


ye this impressive new metal working plant, one of the nation’s a ee OF 


largest integrated aluminum reduction-rolling operations, complete de- 
pendability of equipment is an absolute must! 

That’s why Surface Combustion Corporation selected SPENCER iit 
blowers for incorporation on a variety of their heating equipment CONVEYING SYSTEMS 
including: | 

@ Slab Reheat Furnaces 


@ Annealing Covers 
®@ Soaking Pits INSTALLED VACUUM SYSTEMS 


SPENCER BLOWERS WERE SELECTED BECAUSE OF THEIR PROVEN ADVANTAGES: (o 


@ Anti-surge feature 

@ Simple construction (hence, minimum maintenance). 
Constant pressure at varying volumes. 
Power savings (air delivered only in proportion to requirements). 
No special foundations, grouting or bolting down necessary. 


PORTABLE VACUUM CLEANERS 


For complete specifications on 
Spencer Blowers—from 1/3 to 
1,000 H.P., volumes up to 20,000 
C.F.M., pressures from 4 oz. to 
10 Ibs.—request Catalog 1268. 
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men while slowly abrading it on a 
polishing wheel covered with abrasive 
electrolyte slurry. The apparatus con- 
sists of polishing disk and a_ sleeve 


with contact to the cathode which 
are installed on a polishing machine. 
A special power pack is used to pro- 
vide the proper electrical current. 


For further information circle No. 12 
on literature request card, page 48-B. 


Graphite Cylinder 

A graphite cylinder weighing 7 
tons and measuring 61 in. in diameter 
by 72 in. long has been announced by 
National Carbon Co. The cylinder 
will be cored to make sections for a 
large graphite tower in which ele- 
mental phosphorus will be burned for 
the production of phosphoric acid. 


For further information circle No. 13 
on literature request card, page 48-B. 


Spray Gun 

A new spray gun utilizing the 
plasma-are principle to develop nor- 
mal work temperatures of 10,000 to 
15,000° F. has been announced by 
Metallizing Engineering Co. The plas- 
ma-flame spray gun will apply coat- 
ings of high melting-point materials 


such as zirconium carbide (3540° F.), 
tungsten (3370° F.), tungsten carbide 
(2850° F.), zirconium boride (3000° 
F.), zirconium oxide (2700° F.), and 


niobium carbide (3900° F.). It oper- . 


ates on such inexpensive gases as ni- 
trogen and hydrogen. Coating densi- 
ties are controlled and approach 98% 
of theoretical. 


For further information circle No. 14 
on literature request card, page 48-B. 


Scale Prevention 


A new coating which prevents for- 
mation of scale on metal during heat 
treatment has been announced by the 
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of or tuel-tired 
furnaces 


Superior control 


Standard cost 
Flexibility 
Constant voltage source 
Plug-in components 
Quick, easy range change 
Tamperproof covers 


ELECTRONIC 


PROcEsSS |MJULL 
CONTROL 


i 

Wheelco proportioning control 
systems with automatic reset and rate 
adjustment anticipate changing input re- 
quirements and automatically correct to 
provide “straight-line” control accuracy. 
Errors due to operator inattention or in- 
experience are eliminated. Superior con- 
trol and product uniformity are assured. 


“Custom” systems are built up of standard 
units at standard prices. They consist of 
a Wheelco controller or recorder-controller 
in the 2000, 8000, or 9000 Series, together 
with a Wheelco MM Series controller 
which operates a final control device. 


MMC current output type — for use with 
saturable reactors, electropneumatic or 
electrohydraulic transducers, valve opera- 
tors, magnetic amplifiers, and servo posi- 
tioning units. 


MMP position-type—typical application 
is for fuel-fired furnaces to operate control 
valves, motor operators, etc. 


MMD duration-type — regulates input by 
adjusting the on-time of a contactor or 
the full-open interval of a motor-operated 
valve — ideal when upsets are fast and 
recovery slow, or when upsets are large 
and frequent. 


Ask for descriptive literature. 


BARBER-COLMAN COMPANY 
Dept. A, 1518 Rock Street, Rockford, Ill., U.S. A. 
Export Agent: Ad. Auriema, Inc., New York 
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Tubexperience in action 


New High-Strength Material Extends 
Superior Line of Stainless Steel Tubing Analyses 


PH 15-7 Mo, a new precipitation-hardening stainless steel 
analysis, possesses excellent mechanical properties at room 
temperature, outstanding ones at elevated temperatures. In 
addition, it is readily fabricated in the annealed condition, 
exhibits good corrosion resistance characteristics, can be 
hardened by heat treatment with minimum distortion. 


Tubing of this new analysis is recommended for aircraft 
structural parts, studs and bushings, Bourdon springs and 
torque tubes in instrumentation, tubular springs, and hy- 


draulic lines where severe bending and forming are required. 
It is available in WELDRAWN® form in size range from 
.012 through 1.125 in. OD. 


In addition to PH 15-7 Mo, Superior offers the widest variety 
of analyses in the small-diameter tubing industry—over 120. 
This range permits you to specify the right one for your 
particular application. For complete information about 
PH 15-7 Mo and other analyses available for your 
needs, write Superior Tube Company, 2008 Germantown 
Ave., Norristown, Pa. *Reg. U.S. Pat. Off., Armco Steel Corp. 


lade 


The big name in small tubing 
NORRISTOWN, PA. 


All analyses .010 in. to ¥% in. OD—certain analyses in light walls up to 2Y2 in. OD 


West Coast: Pacific Tube Company, Los Angeles, California * FIRST STEEL TUBE MILL IN THE WEST 
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Los Angeles Div. of North American 
Aviation, Inc, It may be applied to 
stainless steel, nickel-chromium alloys, 
cobalt alloys and copper alloys. Ap- 
plied by spraying or dipping, the new 
scale preventive adheres to the metal 
at furnace temperatures forming an 
oxygen-tight seal. As the metal cools, 
the coating pops off. 


For further information circle No. 15 
on literature request card, page 48-B. 


Zone Melting 

A 1960 model zone-melting appa- 
ratus which has an automatic program 
drive has been introduced by the 


Materials Research Corp. The drive 
will turn off automatically after a 


preset number of passes, can be set 
for speeds from 0.10 to 18 in. per 
hr. and has a quick return of 2 in. 
per sec. The zone-melting apparatus 
is equipped with a vacuum system to 
reach vacuum of 10° mm. Hg. 


For further information circle No. 16 
on literature request card, page 48-B. 


Spectrograph 

A new vacuum X-ray spectrograph 
has been announced by the Instru- 
ments Div., Philips Electroaics, Inc. 
Used in conjunction with the standard 
basic X-ray generator, the unit con- 
sists of a base plate and column, 


specimen chamber with tube mount, 
specimen holder disk, four multi-pur- 


pose specimen holders, motor for 
specimen rotation, collimating sys- 
tem, crystal chamber with crystal 
changer, and flow proportional coun- 


ter. The entire X-ray path can be 
evacuated. The vacuum required is of 
the order of 0.5 mm. Hg. Four speci- 
mens can be simultaneously inserted 
into the specimen chamber thus reduc- 
ing the time to re-establish the vacuum 
to approximately 15 sec. per sample. 


For further information circle No. 17 
on literature request card, page 48-B. 


High-Purity Aluminum 

Aluminum of 99.992% purity has 
been announced by Aluminum Foils, 
Inc. The high-purity aluminum is 
available in the form of pigs of various 
sizes, ingots, billets, pellets, coiled 
sheet and foil. An electrolytic refining 
process developed in Europe is used 
to produce aluminum in this high- 
purity commercial form. Good finish 
and high corrosion resistance are out- 
standing properties. 


For further information circle No. 18 
on literature request card, page 48-B. 


Portable Induction Heater 

A new remote-operated induction 
heater has been announced by Induc- 
tion Heating Corp. The new portable 
unit makes it possible to bring the 


work coils to the work when the work- 
pieces are large, cumbersome, un- 
wieldy or immovable. The induction 
unit and its accessory equipment are 
mounted on a mobile platform. The 
unit comes with dual output station 
and required controls for accessory 
equipment and each remote station. 
Two coaxial cables furnish power to 
two work coils in different parts of 
the plane. 


For further information circle No. 19 
on literature request card, page 48-B. 


Temperature Control 

A new differential-expansion type 
controller for operation at tempera- 
tures up to 2000° F. has been an- 
nounced by Burling Instrument Co. 
Essentially a temperature transmitter, 
it provides air pressure proportional 
to temperature and is used for direct 
operation of air-operated diaphragm 


_ ‘We can now make, and deliver in 
every shipment, the exact type of 

_ “Malleabrasive” shot or grit that will 
do your particular job best... and at 
_ lowest cost to you. 


the: 


With new, precision controlled 
equipment and specialized techniques 
_“Malleabrasive” is now job-made to 
meet each individual cleaning condition. 


_ Why settle for make-shift, 
general purpose abrasives 
4 when you can have 

“Malleabrasive” tailor-made 
for you? We'll welcome the 
chance to tell you how 
can benefit. 


Write us. 


THE GLOBE STEEL ABRASIVE CO. 


Manstield, thie 


Sold by many leading distributors of foundry 
supplies from coast te coast. 


. 
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THE WATERBURY FARREL FOUNDRY & MACHINE ce 
~ DIVISION OF TEXTRON INC. 
Waterbury, Connecticut, U.S.A. 
‘Offices: Chicago Cleveland Los Angeles 


METAL PROGRESS 


‘ 
30 
+ 
x 


valves, motors, dampers or similar 
equipment. Installation is made by 
inserting the tube assembly in a 


heated space by means of one of sev- 
eral types of mountings. Air connec- 
tions are made to fittings shown at 
the top. Temperature setting is made 
with external knob. 


For further information circle No. 20 
on literature request card, page 48-B. 


Graphite 

Graphite pieces 35 ft. long by 12% 
in. square have been announced by 
the Electrode Div., Great Lakes Car- 
bon Corp. They were developed for 
molds. Special equipment and handling 
devices were needed to process graph- 
ite shapes of this length. 


For further information circle No. 21 
on literature request card, page 48-B. 


Machining 

A new electron beam machining 
process has been announced by L. R. 
Industries, Inc. Holes and figures can 
be cut into tungsten, diamond, carbo- 
loy, steel, brass, and aluminum, to 
widths as small as 40 microns across, 


and with tolerances of +5 microns. 
Dimensions are programmed electron- 
ically in the machine doing the elec- 
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tron-beam machining. The work is 
accomplished by means of a beam of 
electrons which because of their high 
energy density volatilize the material 
at the focus of the beam. Undesirable 
effects in the adjacent areas are mini- 
mized by pulsing the beam on and 
off with short dwell times. 


For further information circle No. 22 
on literature request card, page 48-B. 


Furnace 

Self-contained car-bottom furnaces 
have been announced by the Waltz 
Furnace Co. The furnace shown is 3 
ft. wide, 3 ft. high, and 6 ft. long. 
The car is motor driven by a rack and 
pinion gear. Additional wheels pick 
it up as it runs inside the furnace. 
The heating elements mounted on side 
walls, the back wall, the door, and 


the car draw a maximum of 100 kw. 
and connect to a 440 v., 3-phase, 60- 
cycle contactor. 


For further information circle No. 23 
on literature request card, page 48-B. 


Phosphate Coating 

A new dry phosphatizing process 
that eliminates water solutions in ap- 
plying protective phosphate coatings 
to metal parts has been announced 
by the DuPont Electrochemicals Dept. 


In the new process, metal parts are 


given a phosphate coating by dipping 
or spraying with a trichlorethylene- 
base phosphatizing solution maintained 
at its boiling point (188° F.). As the 
parts emerge from the trichlorethy- 
lene vapor zone, the solvent complete- 
ly evaporates leaving parts dry and 
ready for painting. 

For further information circle No. 24 
on literature request card, page 48-B. 


Stainless Steel Powder 


A new flowable stainless steel pow- 
der mix for producing corrosion-re- 
sistant machine components and equip- 
ment has been announced by Union 
Carbide Metals Co. The new product 
is not prealloyed. With the estab- 
lished techniques of powder metal- 
lurgy, this stainless steel powder can 
be used to produce structural shapes 
which exceed 95% of theoretical den- 


New Tatnall 
MetalFilm 102 
higher-temperature 
backed strain gages 


from 


e Operating range to over 400°F 

surpasses previous strain gages by 
at least 50°F in all applications. 
Precision-designed and construct- 
ed for exceptional accuracy, re- 
peatability and ruggedness. 
Ultra-thin (less than 0.0015 in.), 
with no integral leads, for high 
flexibility and conformability. 
High uniformity in both geometry 
and temperature coefficient for 
automatic matching. 
Wide range of sizes and configura- 
tions available, including standard 
configuration shown above, rosette 
and miniature types. 


Call or write for full information. 


coum 


P.O.Box 245 + Phoenixville, Pa. 
1515 No. Harlem Ave. 

Oak Park, Ill. 

3050 E. 11th St. 

Los Angeles 23, Calif. 

Merchant's Exchange Bidg. Room 316 
465 California St., San Francisco, Calif. 
In Canada: 

Tatnall Measuring and Nuclear Systems, Ltd. 
46 Hollinger Road, Toronto 16, Ont. 
In Europe: 

BUFRA 

10 Avenue de la Grande Armée 

aris, France 
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OYEARS OF 


ROTARY RETORT AND RECIPROCATING HEARTH 
for all small parts heat treating 


Medium size sotery furnace for the most economical 
treating of parts thet can be subjected te @ gentic (un 
(approximately 44 


Medium size Shaker Hearth Furnace for widest range © 
ork, even light and delicate stempings, Momentam imparted 
seach work plece conveys through the h 


Capacities to 800 Ibs. per hour. Processing pieces from .010” to 1” thickness and up 
to 10” in length. Automatic continuous feeding reduces direct labor costs drastically! 
Clean hardening, ammonia-gas case hardening, light case carburizing of steel parts, 
etc., are accomplished equally well WITHOUT ANY MODIFICATION OF THE FURNACE. 

The muffles and retorts are, in reality, radiant tubes WITHIN which the work and atmos- 
phere gas is contained. Zoned combustion systems uniformly heat these muffle tubes 
from the outside to the desired temperature in each work zone. Control is precise, re- 
sults uniform. 


New catalog of entire AGF line of equipment and acces- 
sories now available... Write for your copy today. 


AMERICAN GAS FURNACE CO. 


LAFAYETTE STREET — ELIZABETH 4, N. J. 
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sity. The composition of the powder 
is similar to Type 316 or CF-Mo 
alloys. 


For further information circle No. 25 
on literature request card, page 48-B. 


Furnaces 

The Electric Furnace Div. of Harrop 
Ceramic Service Co. has announced 
elevator-type gas-fired furnaces for 
research and production. Each unit 


installation has a separate instrument 
cabinet. Fu®naces use natural or 
petroleum gas with a single control 
valve on the gas line and operate at 
vp to 3300° F. Furnaces are avail- 
able in 12, 18, 24 and 36-in. diameters. 


For further information circle No. 26 
on literature request card, page 48-B. 


Furnace Fixture - 

Bix Co. has announced a heat treat 
fixture which is not welded and has 
an adjustable opening. It was de- 
signed to hold parts of varying diame- 


ter, individually suspended. By adding 
or removing rods, the opening can be 
made larger or smaller and by raising 
and lowering the rods, varying tray 
heights can be made. 


For further information circle No. 27 
on literature request card, page 48-B. 


Ultrasonic Cleaning 

National Ultrasonic Corp. has an- 
nounced a new unit for small part 
cleaning applications in which average 
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energy levels are required. The 
cleaner features a 1-gal. tank 9% in. 
long by 5 in. wide by 6 in. deep. Driv- 
ing elements cover 25% of the bottom 
of the tank and actual radiating sur- 
face is 12 sq. in. The generator oper- 
ates on 115-v. a.c., single-phase, 60- 
cycle current and is designed for con- 
tinuous operation. 


For further information circle No. 28 
on literature request card, page 48-B. 


Vacuum Pumping 

Portable high-vacuum systems for 
shop or laboratory have been an- 
nounced by NRC Equipment Corp. 
Connection to a source of cooling 
water and to a 220 or 440-v. electrical 
supply makes them operable. They can 
also be used as supplementary pump- 
ing systems when faster pumpdown or 
greater capacity is required. Models 
are offered with 2, 4 and 6-in. diffu- 
sion pumps. 
For further information circle No. 29 
on literature request card, page 48-B. 


Automatic Welding 

Air Reduction Sales Co. has an- 
nounced two new automatic units for 
use with its tungsten inert-gas weld- 
ing process. The units are electronic- 
ally controlled and can be used for 
either a.c. or d.c. welding without 


KENTRALL 
HARDNESS 
TESTERS 


an accessory control, using argon, 
helium or mixtures of these shielding 
gases as required. The units have 
touch or high-frequency starts, 360° 
rotation in any position with a 2-in. 
adjustment of the machine holder 
across the weld bead, and vertical 
travel distance of 14% in. 


For further information circle No. 30 
on literature request card, page 48-B. 


By removing major test loads automatically, the new motorized 


Kentralls reduce operator error, increase reproducibility of test 
results, and raise the productive capacity of the machine—for the 
same price as hand operated testers. 


The motorized Kentralls are available in Combination Testers 
which provide both Regular and Superficial Rockwell Hardness 
Testing in a single machine. For those applications that do not 
require the additional range, Kentrall also makes single 
purpose testers for eitiier Regular or Superficial testing alone. 


For complete information write for Bulletin CRS 60 


THE TORSION BALANCE COMPANY 
Main Office and Factory: Clifton, New Jersey 
Sales Offices: Chicago, San Francisco 
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1114 AB Cutter 
1330 AB Speed Press 


Everything for 
METALLOGRAPHY 


1114 AB Cutter — The ideal wet abrasive cut-off machine 
for laboratory work »p stock up to 4%”. It is specially 
designed for the metallurgist for precision, speed and 
economy. 


1330 AB Speed Press — Rapid production of perfectly 
mounted samples, achieved only with the unique preheated 
premolds, removes another laboratory bottleneck. 


1470 AB Handimet Grinder — Four stages of fine grinding 
are accomplished with speed and facility on the Handimet. 
It makes the most of modern grinding methods. 


1500 AB Standard Polisher — This is the most popular 
metallographic polisher ever built. It has direct 2 speed 
drive, accurate balance, quick change wheels and is easy 
to clean. 


1905-2 AB Automet Attachment — High quality micro- 
sections are produced by this unit with great savings of time 
to the operator. Fits all Buehler Low Speed Polishers. 


1720 AB Electro-Polisher — With this unit, electro polish- 
ing becomes routine. Design and materials are selected for 
simplicity of operation and minimum maintenance. 


The above are a few of the popular models from our com- 
plete line of metallographic sample preparation equipment. 
Many other models and types are available for 
your selection. Buehler equipment is designed 
and built according to suggestions from prom- 
inent metallurgists in America and throughout 
the world and is backed by 25 years of service 
to your industry. 


METALLURGICAL APPARATUS 
2120 GREENWOOD ST. EVANSTON, ILLINOIS, U. S. A. 


1905-2 AB 


1470 AB Handimet Grinder 


Automet 


Attachment 
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SURFACE POWER CONVECTION 


speeds annealing rate to 
8,000 Ibs/hr of brass tubing 


This furnace is one of Scovill Manufacturing Company’s (Waterbury, Con- 
necticut ) answers to the threat of imported brass and copper mill products. 

Scovill is after new highs in production and quality in its new streamlined 
tube mill at New Milford, Conn. This continuous roller hearth furnace, 
equipped with Surface Power Convection, helps achieve both goals. It 
anneals and cools 8,000 Ibs. of brass and cupro-nickel tubing an hour. At the 
same time, it produces tubing of superior physical properties because it 
maintains temperature uniformity at plus-minus 8° F. 

Such process speeds and temperature uniformity are possible only with 
Surface Power Convection, the most important advance in convection heat 
transfer in 20 years. Ask your Surface representative how you can apply this 
profitable new technology to your products. Write for Bulletin SC-182. 


SURFACE COMBUSTION - 2377 Dorr Street, Toledo 1, Ohio 
A DIVISION OF MIDLAND-ROSS CORPORATION 


In Canada: Surface Industrial Furnaces, Ltd., Toronto, Ontario 


wherever heat is used in industry 


Who counts 7em? 


CAMBRIDGE does... 


. because exact mesh count and mesh 
size are the trademarks of Cambridge 
INDUSTRIAL WIRE CLOTH. 


But, quality isn’t the whole story. When 
you call Cambridge for industrial wire 
cloth, you also get service . . . prompt 
answers to your inquiries . . . quicker 
deliveries . . . and an experienced Field 
Representative who follows up your order 
to make sure our product is giving you 
the best possible service. Let us quote 
on your wire cloth needs. We manu- 
facture wire cloth from any metal or 
alloy—including titanium—in nine basic 
weaves. Very likely, we have what you 
require in our warehouse right now. For 
samples or more information, call your 
Cambridge Field Engineer...he’s listed in 
the yellow pages under ‘“‘Wire Cloth’’. Or, 
write for FREE 94-PAGE CATALOG. 


The Cambridge 
Wire Cloth Co. 


Department B e Cambridge 1, Md. 


Manufacturers of Wire Cloth, 
Metal-Mesh Conveyor Belts, Wire Cloth Fabrications 
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GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


& Engineering Co. 


P.O. Box 6 
BALTIMORE, Maryland 


Emil dr. 
413 North Charles Street 


BUFFALO, New York 
General Alloys Company 


H. Robinson 
Box 2395 
Buffalo 23, N.Y. 


Alabama 
t Co. 
ry Life Bidg. 


CHICAGO, Iilinois 
General Alloys Company 
Edward T. Connolly 


224 S. Michigan Ave. 


Ohio 
ites 
Roo Plymouth Bidg. 


Heat and Corrosion 2036 East 22nd Street 
DENVER 15, Colorado 
acy C. Jarrett 
ss Ammons St. 


Resistant Castings 


PHILADELPHIA 20, Pa. 
toys Co. 


and Fabrications 


DETROIT 2, Michigan 
General Alloys Company 
Don B. Hutchins 
3-147 General Motors Bidg. 


FORT WAYNE 8, Indiana 


General Alloys Company products 


HOUSTON 3, Texas 
Wm. E. Brice Co. 
303 Bastrop St. 


are backed by a national engineer- mgreauney 


104 Fourt 


ROCK ross, IMinois 
Benjamin F. Oliman 


ing service offering unexcelled me- es 


LOS ANGFLES, Calif. 


y BI 
Soutn Gate, California 


chanical and metallurgical Heat and 


eG 0. Desauteis Co. 
Hycliffe Avenue 


INDIANAPOLIS 8, Indiana 
The 0. Desautels Co. 
oe N. Meridian Street 
x 88008 


Corrosion Resistant Alloys for all rs 


ST. LOUIS 16, Missour 
Associated Steel mills, Ine, 
P.O. Box 1986 


Defense and Industrial applications. 


Indiana 
e George Ly Desautels Co. 
Box? 
Wysor Bids. 


NEW ENGLAND 
David L. Ellis 
Hayward Mill Road 


‘There is no substitute 


NEW YORK 7, New York 
Alloys Co. 


for Experience”’ 


GENERAL ALLOYS CO. 


405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF 
HEAT & CORROSION RESISTANT CASTINGS” 


| 
— 
on 
— Vv) 
O Box 7697 
— 4 
way 
< 
Sales & Service, inc. 
LOUISVILLE 7, Kentuck 
. jenn. 


Tator “ficiency have 


This improved endothermic generator has been on the line over 
9000 hours (actual case .. . name of installation on request) 
without change of Globar elements or retort. . . requiring only 
2 to 3 hours downtime for catalyst change (after thousands of 
hours of catalyst life). 


Bulletin 5808A gives the facts. Write 
C. I. Hayes, Inc., 802 Wellington Ave., 
Cranston 10, R.I. 
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41. Abrasive Cleaning 

Folder on Malleabrasive for airless blast 
cleaning equipment gives advantages, 
grades, equipment it can be used with and 
parts that can be cleaned. Globe Steel 
Abrasive 


42. Abrasives 
Catalog of rubberized abrasives, uses, 
advantages. Price list. Cratex Mfg. Co. 


43. Alloy Steel 

68-page “Aircraft Steels” includes re- 
vised military specifications. Also stock 
list. Ryerson 


44. Alloy Steel 
16-page book on type 9115 low-alloy 
high-strength steel. operties, fabrica- 
tion, welding. Great Lakes Steel 


45. Alloy Tubing 

New bulletin on tubing and pipe made 
of Hastelloy B and C. Corrosion resist- 
ance, high-temperature properties. Car- 
penter Steel Co. 


46. Aluminum Bronze Alloys 

20-page booklet on chemistry, physical 
properties and uses of aluminum bronze 
alloys in rolled, extruded and cast form. 
Ampco 


47. Aluminum Casting Alloys 

8-page bulletin on aluminum casting 
alloys. Properties; selection of casting 
method: pig, ingot and billet compositions. 
Metals Div., Olin Mathieson 


48. Aluminum Die Castings 
Bulletin on design and manufacture of 
aluminum die castings. Hoover Co. 


49. Aluminum Extrusions 
Catalog of extrusion dies in stock. Jarl 
Extrusions 


50. Aluminum Extrusions 
Folder lists alloys used, finishes, trade 
phraseology. General Extrusions 


51. Analysis of Nickel Alloys 
52-page Technical Bulletin T-36, “Meth- 

ods for Chemical Analysis of Nickel and 

High-Nickel Alloys”. International Nickel 


52. Analytical Balances 

12-page catalog gives features, orderin 
information, accessories, maintenance o 
seven types of balance. Burrell Corp. 


53. Analytical Equipment 

18-page brochure on X-ray diffraction 
and spectroscopy 37 cameras 
camera accessories. RCA 


54. Analytical Instruments 
New 8-page brochure on line of spectro- 

graphs, spectrometers, comparators and 

special instruments. Jarrell-Ash Co. 


55. Atmosphere Analyzer 
4-page bulletin on furnace atmosphere 
analyzer. Flow system diagrammed. Per- 
kin-Elmer Corp. 
56. Atmosphere Control 
8-page Bulletin SC-178 on furnaces, at- 
mosphere equipment, controls for various 
heat treating processes. Surface Combus- 
tion 
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57. Atmosphere Furnace 
Bulletin HD-1 on batch-type controlled 

atmosphere furnace. Specifications, at- 

mosphere circulation. Dow Furnace Co. 


58. Atmospheres 

8-page bulletin on heat treating. Data 
sheets on processes and processing equip- 
ment. Also covers annealing, brazing and 
hardening. Ferrotherm 


59. Austempering 

Bulletin No. 167 on mechanized salt bath 
installaticn for continuous heat treatment 
of farm tools. Ajax Electric 


60. Barre) Finishing 


36-page booklet on complete line of 
abrasive mediums, compounds, and equip- 
ment for all tumbling operations. Electro 
Minerals Div., Carborundum Co. 


61. Beryllium Oxide 

New 8-page brochure on_ properties, 
fabrication and products of teryllium 
oxide. Beryllium Corp. 


62. Blackening Process 

4-page brochure on new activated mate- 
rial for black-oxide processing. Mitchell- 
Bradford Chemical Co. 


63. Blast Cleaning Barrels 
New 16-page bulietin on standard-duty 
blast cleaning barrels. Pangborn Corp. 


64. Bolts 

16-page booklet on high-strength bolt- 
ing for structural joints includes ASTM 
specifications covering this bolting mate- 
rial. Bethlehem Steel 


65. Brazing 

16-page pocket-sized guide to selective 
fluxing for low-temperature silver braz- 
ing. American Platinum 


66. Brazing 

52-page Publication GEA-3193C on how 
and where to use electric furnace brazing. 
Limiting creep of brazing metal, selecting 
the brazing metal, strength of furnace- 
brazed parts, how to braze cast iron, 
causes of distortion. General Electric 


67. Brazing Alloys 

4-page bulletin on high-purity alloys 
for brazing low-vapor-pressure vacuum 
tubes. and composi- 
tion charts. ndy & Harman 


68. Brazing Alloys 


Data on brazing stainless alloys. Wall 
Colmonoy 


69. Carbides 


22-page catalog on tungsten, titanium, 
columbium and tantalum carbides. Physi- 
cal and mechanical properties. Applica- 
tions. Kennametal 


70. Carbon Control 

16-page bulletin on equipment for car- 
bon and sulphur determination, including 
combustion furnaces and other acces- 
sories. Harry W. Dietert 
71. Carbon Control 

Bulletin C-22 and reprint on Carbon- 
tronik for automatic control of carbon 
potential of atmospheres. Ipsen 
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72. Casting 

New 8-page brochure on _ bimetallic 
casting. Applications, design data. Arthur 
Tickle Engineering Works 


73. Ceramics 

4-page folder lists industrial 
and bulletins describing them. 
Refractory Porcelain Co. 


74. Chemical Cleaning 

18-page file-type bulletin No. 102 on 
products and processes for chemical 
cleaning. Chas. Pfizer & Co. 


75. Chill Treatment 

Case histories of experience in chilling 
metals at —130 to —150° F. for stabilization 
and controlled ductility. Harris Refriger- 
ation Co. 


76. Chromate Finishing 

File on chromate conversion coatings 
for prevention of corrosion and paint-base 
treatment of nonferrous metals. Allied 
Research Products 


77. Chromium Plate 
Data on chromium plate that can with- 
stand fabrication. American Nickeloid Co. 


78. Chromium Stainless 
12-page book on fabrication and use of 
type 430 stainless steel. Sharon Steel 


79. Coatings 

4-page catalog on heat-proof protective 
coatings. Basic types, applications, meth- 
ods of applying and temperature ranges. 
Markal Co. 


80. Cold Formin 

4-page folder on die-form process for 
cold reduction of steel bars into multi- 
diameter shaft blanks for finish turning 
or grinding. Republic Steel 


81. Cold Rolling 

_ Description of advantages of cold roll- 
ing of ship propeller shafting. How it is 
done. Erie Forge & Steel 


82. Compressors 

12-page Bulletin 126-B on application of 
turbocompressors to oil and gas-fired 
equipment used in heat treating, agita- 
tion, cooling, drying. Performance curves, 
capacities. Spencer Turbine 


83. Conveyor Belts 

Report on service life of woven wire 
conveyor belts operating st temperatures 
of 2050° F. Cambridge Wire Cloth Co. 


84. Copper Alloys 

24-page manual on alloys in rod form. 
Typical parts. Specifications covering al- 
loys described. Mueller Brass 


85. Corrosion-Resistant Alloy 
16-page booklet gives chemical, physical 
and mechanical properties, high-tempera- 
ture properties, and a guide to corrosion 
resistance of Hastelloy C. Haynes 
86. Creep Testers 
Article in Metal Digest, V. 4, No. 5, dis- 
cusses creep testing machines for research 
and production. Buehler, Ltd. 
87. Cutting Fluid 
4-page folder on the development of 
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For Faster, Better, 


Lower Cost Plating 


Use 


METAL FLUOBORATES 


Copper Lead Lead-Tin Alloy 
Nickel Tin 


Bearings and other engine parts—Lead-tin alloys of low 
tin content, plated from B&A fluoborate electrolyte, will 
provide good corrosion and wear resistance as well as supe- 
rior lubricating properties to protect bearings, pistons, 
other parts which require marginal lubrication during 
engine break-in periods. 


Plating electrotype shells—Lead-Tin Fluoborate and Tin 
Fluoborate solutions made from B&A concentrates can be 
used successfully for plating electrotype shells. The lead- 
tin bath is employed where low melting deposits are de- 
sired, while the tin bath provides a higher melting point 
and faster rate of plating. 


BAKER & ADAMSON® 
Plating Chemicals 


High-speed wire plating—The fast plating rate of B&A 
Copper Fluoborate makes possible high-speed electroclad- 
ding of steel wire and results in hard, high-strength de- 
posits. For plating copper wire, B&A Lead-Tin Fluoborate 
solutions are used to produce a more uniform, more readily 
soldered product. 


Printed circuits—Low cost, easily assembled printed cir- 
cuits for radio and other electronic equipment may be 
plated economically and efficiently with B&A Copper and 
B&A Lead-Tin Fluoborates. Use B&A Copper Fluoborate 
for high-speed electroplating, followed by B&A Lead-Tin 
Fluoborate to give a deposit that may be easily soldered. 


Other important operating advantages 
B&A Metal Fluoborates come in ready-to-use 
concentrated solution form. Baths made from 
fluoborates have excellent stability, with ease of 
maintenance . . . have good covering power .. . 
give fine-grained deposits of good color. 


Want further information? 
Write us today for technical data on your appli- 
cation, or ask to have a B&A representative call. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
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coolants from water to oil to chemical 
coolants containing no petroleum. De- 
scription of Hocut 237. E. F. Houghton 


88. Tubing 

4-page klet on cylinder tubing with 
smooth inside. Specifications. Jones & 
Laughlin 


89. Deep Drawing 

New catalog on line of draw presses for 
high-speed processes. Specification chart. 
Steelweld Div., Cleveland Crane & Eng’g 


90. Degreaser 

Folder on automatic Cogrennes. Cleanin 
and solvent cycles descri . Features o 
equipment. Detrex 


91. Degreasers 

Folder on vapor and solvent degreasers 
describes equipment and advantages. 
Randall Mfg. 


92. Degreasing 

New 36-page bulletin 44A on trichlor- 
ethylene for vapor degreasing and other 
uses. Procedures in various equipment, 
properties, safety measures. ooker 
Chemical Co. 


93. Drilling 

New booklet of case histories of appli- 
cations of turret drilling machines. 
Brown & Sharpe Mfg. Co. 


94. Drilling Machine 

4-page catalog on new radial drilling 
machine shows construction, uses, speci- 
fications. I. O. Johansson Co. 


95. Ductile Iron Plate 
Data on ductile iron plate and proper- 
ties. Lindgren Foundry Co. 


96. Electrical Contacts 

New 4-page condensed catalog on mate- 
rials, properties, forms, uses of electrical 
contacts. Gibson Electric Co. 


97. Electric Furnaces 

Bulletin on furnaces for all types of 
heat treating and hardening, both stand- 
ard and custom designed. Pacific Scientific 


98. Electric Furnaces 

12-page Bulletin SEC-3 on electric box- 
type furnaces for industrial batch-type 
applications. Sunbeam Equipment Co. 


99. Electric Furnaces 
New 12-page bulletin 461 illustrates ani 
or specifications on several models. 
. I. Hayes Inc. 


100. Electric Furnaces 

8-page Bulletin 570 on heat treating, 
melting, metallurgical tube, research and 
sintering furnaces. Custom designs for 
special requirements. Pereny 


101. Electroplating 

8-page bulletin on plating equipment 
and supplies includes test equipment. 
Frederick Gumm Chemical Co. 


102. Electroplating 

Chart gives reference data for gold, rho- 
dium, ladium, nae, silver, nickel 
plating. Technic, Inc. 


103. Endothermic 
Atmospheres 
A oy reprint on endothermic atmos- 
pheres for heat treatment of steel. Effect 
of temperature on utmosphere. Calculat- 
ing analysis. Electric Furnace Co. 


104, Environmental Testing 

Tg brochure on uses of carbon di- 
oxide for low-temperature environmental 
testing. Pure Carbonic Co. . 


105. Extruded Aluminum 


New 12-page brochure on latest alumi- 
num alloys, extrusion process and appli- 
cations. ecision Extrusions, Inc. 


106. Ferromanganese 
New leaflet on manganese alloys gives 
compositions and uses of ferromanganese 
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An up-to-the-minute report on the - .. — 


Engineers at the Scovill Manufacturing Company, 
[| ll ned iil Waterbury, Conn., have definitely proved that thin 
gauge aluminum coils can be bright annealed while 


standing on edge without edge damage. This means 


a 
that aluminum producers and converters now have 
0 greater control of annealing and greater production 
flexibility than ever before, because they will now 


be able to utilize the high-convection, bell-type 
Al [ furnace designed and perfected by Lee Wilson. 
ll Mm ll il Scovill engineers successfully annealed large coils 
of .025 gauge under standard annealing practice. 
Lighter gauges were annealed by placing aluminum 
discs between coils. Annealing results were out- 
standing, both as for brightness and uniform phys- 
ical properties throughout entire coil. If you anneal 
aluminum, copper or brass you should know about 
these Lee Wilson furnaces. Our sales engineers 
will meet with you at your convenience. Literature 
available. 


* 
ENGINEERING 
COMPANY, INC. 


20005 LAKE ROAD @ CLEVELAND 16, OHIO 


Thea ¥olson high-convection furnaces designed te HIGH PRODUCTION ANNEALING SYSTEMS 
pounds of aluminum «oils per heur for each furnace. 


% ORIGINATORS AND LEADING PRODUCERS OF OPENED COIL AND SINGLE STACK FURNACES 
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briquettes and silicomanganese alloys and 
briquettes. Vanadium Corp. 


107. Ferrous Metallurgy 

8% by l1l-in. chart shows basic charac- 
teristics of steels from —300 to 2900° F. 
Tempil® Corp. 


108. Finish 

4-page folder on heat-resistant coating. 
Properties, performance data on black and 
aluminum Sicon coatings. Midland Indus- 
trial Finishes Co. 
169. Flame Hardening 

Bulletin tells how flame hardening im- 


proves rolls. Chart shows ranges, depth 
of hardness. Detroit Flame Hardening 


110. Flame Plating 

Brochure on process for coating hard 
materials. Also wallet-sized data card 
gives properties of several coatings. Linde 


111. Formed Shapes 

Catalog No. 1053 describing numerous 
formed shapes made from ferrous and 
nonferrous metals. Roll Formed Products 


112. Furnace Belts 
44-page catalog describes metal belts for 


quenching, tempering, carburizing 
other applications. Ashworth Bros. 


113. Furnace Controls 

Bulletin 658 on saturable reactor for 
regulation and control of electric ovens 
and furnaces. Sorgel Electric Co. 


114. Furnace Fixtures 

16-page catalog on baskets, trays, fix- 
tures and carburizing boxes for heat treat- 
ing. 66 designs. Stanwood 


115. Furnaces 
List of used furnaces in stock. Papesch 
& Kolstad, Inc. 


116. Furnaces 

12-page catalog on electric heat treating 
furnaces. Data on each of 57 models. Con- 
trols, instruments, elements and acces- 
sories. Lucifer Furnaces, Inc. 


117. Furnaces 

Bulletin describes 18 electric furnaces 
for research and small-scale production, 
with operating temperatures to 3000° F. 
Harper Electric 


118. Furnaces 

12-page Bulletin No. 653A, describing 
range of electric and fuel-fired heat treat- 
ing furnaces and protective atmosphere 
generators. Includes batch and nonferrous 
metals melting furnaces. Hevi-Duty 


119. Furnaces 

Bulletin 200 describes complete setup 
for heat treatment of small tools, includ- 
ing draw furnace, quench tank and high- 
temperature furnace. Waltz Furnace 


120. Graphite 

Folder on graphite crucibles, funnels, 
and special ormed electrodes. High- 
purity powder. United Carbon Products 


. 121. Hardening Tool Steels 
4-page bulletin on complete line of hy- 
dryzing furnaces. Diagrams, specifications 
and performance data on preheat and 

‘ high-speed furnaces. Lindberg Eng’g. 


122. Hardness Tester 

Bulletin TT-59 on tester for measuring 
standard Rockwell and superficial hard- 
ness. Wilson Mechanical Instrument 


123. Hardness Tester 
Bulletin on Brinell tester with test head 
for deep and offset testing. King Tester 


124. Hardness Tester 

Bulletin S-33 on vertical-scale and dial- 
indicating scleroscopes. How they are cal- 
ibrated. Shore Instrument 


125. Hardness Tester 


20-page book on hardness testing by 
Rockwell method. Clark Instrument 
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Precision Annealed 


PHOSPHOR BRONZE 


WRM PRECISION 

ANNEALED SPRING TEM- > 

PER PHOSPHOR BRONZE 


The Grain 
That Takes 


The Strain 


4 Upper photomicrograph 
shows the fine even, grain 
structure resulting from WRM 
‘eee precision annealing. This 

structure gives the metal up to 
30%, greater fatigue life plus 
— the increased formability that 
f Wt enables it to take the strain of 


severe bends as shown above. 


ORDINARY ANNEALED 
SPRING TEMPER > 
PHOSPHOR BRONZE 


4 Lower photomicrograph 
shows coarse uneven grain 
that causes the type of crack- 
ing shown here. 


ROLLING MILLS, INC. 


Main Offices & Plant: 
Waterbury, Conn, Tel. 4-0151 


¢ In N.Y.C. -— MUrray Hill 7-1246 
* In Phila. — ADams 3-1869 ; 
In Chicago — SHeldrake 3-0100 
¢ In Detroit — DUnkirk: 6-3444 
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For wore information on 
WRA precision annealed 

138 phosphor bronze send for 
this new, free bulletin, 

F NICKE & OTHER COPPER ALLOYS. 
43 


ane 
~ 
ses 
sess 
sea se 
sees sees 
eeaea ese 
eees aes 
ees ss 
eena 
sees 
se eseeefeeee 
eee 


ses eee 
< es sees 
sees 
see 
eee 
sees 
ees eae 
eeene 
sees eee 
eeees 
see eee 
eseee 
eee eee 
eee eee 
sees eeee 
sees eee 
eeene eeee 
eee eee 
ese ee 
eee eee 
eeee eses 
eee eee 


Better Steel With ASEA Induction Stirrers 


ELECTRIC INC. 


f 500 Fifth Ave., New York 36, N. Y. 


Magnetic force makes better steel in are furnaces with ASEA induction stirrers. Penetrat- 
ing the furnace bottom and refractory lining, ASEA Induction Stirrers’ traveling field keeps 
melts in motion. This produces: # Greater homogeneity. @ Uniform temperature control. 
®@ Decreased melt time. @ Increased arc furnace productivity. @ Effective slagging. More 
than 88 installations in the leading steel mills of 13 countries. Write today for ASEA’s illus- 
trated booklet on how ASEA Induction Stirrers can help you achieve better steel production. 
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126. Hardness Tester 

Catalog 506 on Frank hardness tester 
for Rockwell B and C, Brinell and Vickers 
hardness tests. Opto-Metric 


127. Hardness Tester 


4-page bulletin on portable metal hard- 
ness tester for any shape or metal. Ranges, 
features. Newage Industries 


128. Hardness Tester 

Data on portable hardness tester with 
Rockwell and Brinell scales. Mechanical 
Devices 


129. Hardness Testers 

Information on Tukon testers for micro- 
hardness and macrohardness testing. Wil- 
son Mechanical Instrument Div. 


130. Hardness Testing 
Bulletin A-18 on Alpha Co. Brinell 
hardness testing machines. Gries Indus- 
tries 


131. Hardness Testing 

20-page bulletin on Vickers machine. De- 
scription, accessories, advantages. Riehle 
Testing Machines 


132. Heat Exchangers 

New 12-page bulletin on impervious 
graphite immersion heat exchangers and 
steam jets. National Carbon Co. 


133. Heaters 
Bulletin on immersion heaters for elec- 
troplating solutions. Glo-Quartz 


134. Heating Elements 

12-page bulletin gives typical applica- 
tions of silicon carbide heating elements. 
Hints on handling, unpacking, storage, in- 
stallation, replacement. Globar Div., Car- 
borundum 


135. Heating Elements 

24-page booklet on elements for electric 
furnaces and kilns includes technical data, 
i, physical and electrical specifications. 
Norton 


136. Heat-Resistani Alloys 

Data sheet on RA309 gives creep, stress- 
rupture and mechanical properties, com- 
position. Rolled Alloys, Inc. 


137. Heat-Resistant Castings 
16-page bulletin on = foundry 
practice end applications. Electro-Alloys 


138. Heat Treating 

Monthly bulletin on used heat treating 
and plating equipment available for im- 
mediate delivery. Metal Treating Equip- 
ment Exchange 


139. Heat Treating 

20-page catalog on the Homocarb meth- 
od with Microcarb atmosphere control for 
heat treatment of steel. Leeds & Northrup 


140. Heat Treating 

Folder on shaker-hearth furnaces and 
push-through muffle furnaces for anneal- 
ing, hardening and brazing stainless steel. 
American Gas Furnace Co. 


141. Heat Treating 

New 16-page bulletin on continuous 
plate and r heat treating equipment, 
with methods and applications. ever 


142. Heat Treating Fixtures 

16-page Catalog M-7 on heat treating 
baskets and corrosion-resistant alloy fab- 
rications. Wiretex Mfg. Co. 


143. Heat Treating Fixtures 

24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 
chemical processing. 30 classifications of 
equipment. Pressed Steel 


144. Heat Treating Fixtures 
32-page Catalog G-10A lists process 

equipment, heavy welded fabrications, 

muffies, trays, fixtures for furnaces, heat 

equipment, pickling equipment. 
oloc 
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145. Heat Treating Furnaces 
42-page catalog on line of furnaces and 

ovens for heat treating and accessory 

equipment. K. H. Huppert Co. 


146. Heat Treating Supplies 
Data sheets on carburizing, hardening, 

tempering, nitriding salts, metal cleani 

and rust prevention materials. Heatbat 


147. Heat Treatment 

40-page booklet on structure and heat 
treatment of steel. Iron-carbon diagram. 
What haprens when steel is heat treated. 
Sandvik Steel 


148. Heat Treat Pots 

Catalog on pressed steel pots for lead, 
salt, cyanide, oil tempering and metal 
melting. Eclipse Industrial Combustion 


149. High-Alloy Castings 

16-page bulletin, No. 3354-G, gives i- 
neering data concerning castings used for 
resisting high temperatures, corrosion and 
abrasion. Duraloy Co. 


150. High-Strength Steel 

26-page booklet on properties, uses, ap- 
plications of high-tensile low-alloy steel. 
Jones & Laughlin 


151. High-Strength Steel 
48-page book on T-1 steel, its properties 
and applications. U.S. Steel 


152. High-Strength Steels 

New technical data brochure on high- 
strength high-temperature structural 
steels gives properties, heat treatment. 
Universal-Cyclops Steel Corp. 


153. High-Temperature Alloy 
Booklet “Keeping Costs Down When 


Temperatures Go Up”. International 
Nickel 


154. High-Temperature Alloy 

14-page bulletin on Udimet 500 gives 
composition, heat treatment, machinabil- 
ity, hot working characteristics and prop- 
erties. Utica Metals Div. 


155. Hole Punches 

Catalog AJ on hole punching units with 
cast steel holders. Punch sizes and hole 
sizes. Punch Products Corp. 


156. Identifying Stainless _ 
Cardboard chart outlining systematic 
method for rapid identification of un- 
known or mixed stocks of stainless steels. 
Carpenter Steel 


157. Induction Heating 

Article on induction heating in zone 
refining, zone leveling and crystal grow- 
ing, in High Frequency Heating Review, 
Vol. 1, No. 6. Lepel High Frequency 


158. Induction Heating 

8-page bulletin on high-frequency mo- 
tor-generator sets for induction heating. 
Ohio Crankshaft 


159. Induction Heating 

12-page booklet on the ABC’s of induc- 
tion heating for extrusion, forging, braz- 
ing, heat treating and metal joining. Ajax 
Magnethermic 


160. Infra-Ray Gage 

Folder on new radiation-operated fase 
to measure width of hot strip at hi 
speeds. Daystrom-Weston Sales Div. 


161. Ingot Molds 

4-page builetin describes a variety of 
molds for vacuum induction and con- 
trolled atmosphere melting. Zak Machine 
162. Inspection 

Data on ultrasonic inspection and thick- 


9384 Grinnell Ave., Detroit 13, Mich. 


Testing 


> at production line speeds! ——»> 


This direct reading Brinell hardness tester 
tests round or flat parts fast. No grinding of 
parts is necessary and the operator simply 
notes that the dial indicator needle falls 
between pre-set tolerance hands. 
Hydraulically applied standard Brinell test 
loads are used. Foot control allows operator 
to test parts as quickly as he can move them 
through the machine. 


Write for more information 


on all our Brinell testing machines. 


DETROIT TESTING MACHINE COMPANY 
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Electrode ports of this electric furnace roof are formed of B&W 
castable. B&W Kaocast or Kaocrete-32 can be successfully 
used, depending on severity of service. 


Nose arch of walking beam type furnace for heating forgings is 
made of Kaocast, B&W's 3000 degree castable. Kaocast is 
also used in forming complete forging furnaces. 


How B&W refractory castables solve 


The higher temperatures in industrial processes have called 
for refractory castables that will stand up in these severe 
services. B&W offers two extremely durable, high temper- 
ature refractory products—Kaocrete-32 for applications 
up to 3200 F, and Kaocast with a 3000 F use limit. Both 
have high strength, unusual volume stability and excellent 


High thermal release burner block is cast of B&W Kaocrete-32. 
Both Kaocrete-32 and Kaocast are used for burner blocks and 
other services in many other furnaces. 


This high speed barrel type heating furnace is typical of 
many which are completely lined with high temperature B&W 
Kaocast. 


problems 


resistance to spalling and slag attack. Investigate B&W 
specialized refractory castables for solutions to your high 
temperature problems. 


B&W Bulletin R-35A gives additional information on versa- 
tile B &W refractory castables. Write for copy to The Babcock 


& Wilcox Company, 161 East 42nd Street, New York 17, N.Y. 
R620R 


THE BABCOCK & WILCOX COMPANY 


REFRACTORIES DIVISION 


B&W Firebrick, Insulating Firebrick, and Refractory Castables, Plastics, Ramming Mixes, Mortars, and Ceramic Fiber. 
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ness measurement service in field or lab- 
oratory. Sperry Products 


163. Insulation 

Bulletin R-2-H on insulatin 
firebrick. Properties of six grades an 
applications of each. Design of arches and 
linings. Refractories Div., B. & W. Co. 


164. Investment Casting 

Data on investment cast alloys to oper- 
ate between —400° F. and 2106’ F. Pre- 
cision Castparts Corp. 


165. Investment Casting 
“Pointing the Way” presents seven case 

histories on advantages of investment 

castings. Engineered Precision Casting Co. 


166. Laboratory Equipment 
Catalog on high-temperature laboratory 

ovens, construction, controls, accessories. 

Modern Laboratory Equipment Co. 


167. Laboratory Equipment 
Bulletin on cutting test specimens de- 

scribes methods for different types of 

metals. Price list. Sieburg Industries 


168. Laboratory Furnace 

Data on nonmetallic resistor furnaces 
for research, testing or small-scale pro- 
duction. Harrop Electric Furnace 


169. Laboratory Equipment 
Data on cathodic vacuum etcher for 
metallographic samples, complex alloys 
and dispersions that are difficult to etch. 
Nuclear Materials & Equipment Corp. 


170. Lathe Chucks 

12-page catalog on geared scroll and 
independent hardened plate-type chucks 
gives specifications, uses. Whiton Machine 


171. Leaded Steels 

16-page booklet on basic characteristics 
mechanical properties and workability of 
leaded steels. Case histories. Copperweld 
Steel Co. 


172. Lubricant 

8-page booklet. “Biggest Ounce of Pro- 
tection”, tells of lubrication with colloidal 
graphite products. Grafo Colloids 


173. Lubricant 

Bulletin 425 on colloidal dispersions for 
use in metal casting. Best formulas for 
achieving high lubricity and wetting ac- 
tion. Acheson Colloids 


174. Machining Copper 

32-page booklet gives cutting speeds, 
feeds, rakes, clearances for more than 40 
copper alloys. American Brass 


175. Magnesium 

53-page book on woouait forms of mag- 
nesium includes 44 tables. White Metal 
Rolling & Stamping Corp. 


176. Malleable Castings 

Data Unit No. 105 on properties and 
characteristics that give standard and 
pearlitic malleable iron castings their 
toughness. Malleable Castings Council 


177. Manganese 

9-page article on electromanganese. 
Manufacturing procedures, product char- 
acteristics, uses. In Foote ints, V. 28, 
No. 2. Foote Mineral Co. 


178. Marking 


Leaflet on where to use markers for 
identification purposes. Markal Co. 


179. Measurement Systems 


New 12-page bulletin on process indus- 
try measurement and control equipment. 
Industrial Nucleonics Corp. 


180. Measuring Tools 


New 96-page catalog of precision meas- 
uring tools end instruments. Illustrations, 
price list. Scherr-Tumico Co. 


181. Metal Cleaning 

Folder lists products for immersion, 
electrolytic, cleaning, other clean- 
ing agents. Northwest Chemical 
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182. Metal Forming 

Folder on rolling mills, swaging ma- 
chines, wire shaping mills, wire and tube 
drawing machines. Fenn Mfg. 


183. Metallograph 

i-eowe bulletin on desk-type and re- 
search metallographs. Accessories, illumi- 
nating systems, specifications. American 
Optical Co. 


184. Metallograph 

Folder on Mark IV metall ph gives 
advantages, specifications. Cooke, Trough- 
ton & Simms, Inc. 


185. Metal Powders 

New 8-page brochure gives information 
on poosliaxed metal powders and tool 
steels used in powder metal parts produc- 
tion. Vanadium-Alloys Steel Co. 


186. Metal Sorting 
Data on nondestructive sorting of raw, 
semifinished or finished parts. J. W. Dice 


187. Microhardness 
Data on microhardness tester with read- 
ings corresponding to Vickers. Newage 


188. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance 


189. Microscopes 

6-page bulletin M29 on inverted micro- 
scopes gives objectives, eyepieces, filters. 
Cameras descri Cooke, Troughton & 
Simms, Inc. 


190. Mills 

Two desi of size-reduction ip- 
ment descri in new 4-page Bulletin 
No. 350. F. J. Stokes Corp. 


191. Multi-Are Welding 
71-page “Guide to Better Welding” cov- 
ers technology, economics and other as- 
ts of multi-arc welding. J. B. Notting- 
am & Co. 


192. Nickel-Base Alloy 

Technical Data series No. 86 on René 41, 
vacuum-melted nickel-base alloy. Proper- 
ties. T rature range 1200 to 1800° F. 
Cannon-Muskegon 


193. Nondestructive Testing 

8-page bulletin on equipment for non- 
destructive testing of bars, rods, tubing. 
Magnetic Analysis 


194. Nonferrous Wire 

Folder gives wire gage and footage chart 
and data on beryllium copper, phosphor 
bronze, nickel, silver, brass and aluminum 
wire. Little Falls Alloys 


195. Nuclear Graphite 

8-page bulletin tabulates properties, 
high-temperature strength, corrosion re- 
sistance, thermal conductivity, machin- 
ability. National Carbon 


196. Oil Quenching 

Catalog FB-1052-A on self-contained oil 
cooling equipment. Selection tables for 
volume of oil required oil recircula- 
tion rates. Bell & Gossett 


197. Oil Quenchin 

8-page brochure tells in detail how car- 
bon steel often can replace alloy steel 
when additive is used in the quenching 
oil. Aldridge Industrial Oils 


198. Ovens 
14-page Bulletin No. 53-CM on various 
of core and mold ovens. Con- 
struction, operating principle, advantages. 
Carl-Mayer 
199. Ovens 
Bulletin 4-257 on gas, oil and elec- 
tric ovens. Load-carrying-door, electric- 


drawer and -in type ovens. Grieve 
Hendry 


200. Particle Inspection 
New 36-page booklet on agent for wet 
(Continued on page 48-A) 


SELECTIVE 
PLATING 


| WDALIC 
PROCESS 


Precision-plating a roller, 


FOR QUICK PRECISION PLATING 


1 Building-up worn or over-machined 
parts to exact size. 

2 Plating isolated sections—saves ex- 
tensive masking. 

3 Fitting bearings to close tolerances, 

4 Selective stopping-off prior to carburiz- 
ing or nitriding. 


No Immersion Tanks, 

Mobile Equipment. 
With a Dalic power pack, plating tools 
and solutions you can plate many jobs 
quicker at lower cost than with stop- 
ping-off and bath plating. Deposits 
accurately controlled. Use anywhere 
in your shop. 


Dalic Plating Solutions 
Bismuth, Brass, Cadmium, Chromium, 
Cobalt, Copper, Iron, Lead, Nickel, 
Tin, Zinc, Gallium, Gold, Indium, 
Palladium, Platinum, Rhodium, Silver, 
and alloys, 


Write for Descriptive Brochure, 


SIFCO metacnemicat, INC. 


935 East 63rd Street © Cleveland 3, Ohio 
A Subsidiary of 
The Steel Improvement & Forge Co, 


AGENTS 
MARLANE DEVELOPMENT CO, OHIO METACHEMICAL, INC. 
153 East 26th Street 2742 Second Street 
Wew York 10, Cuyahoga Falls, Ohie 
PIDDINGTON & ASSOCIATES LTD. D&S AVIATION CO. LTD. 
3219 East Foothill Bivd, 671 Lourentides Bivd. 
Puse¢ana, California Pont Viou, Montreal, Quebec 
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Armour Anhydrous Ammonia has a guaranteed mini- 
mum purity of 99.98%. Ammonia so pure, you have 
no problems with moisture, oil or non-condensable 
gases. 

You are always assured of excellent heat treating 
results, because Armour quality standards are based 
on an extra control test made when the ammonia is 
ready for shipment to you. Every cylinder and tank 
truck of Armour Ammonia is subjected to a rigid 
qualitative test after filling to make sure it is at 
least 99.98% pure when delivered to you. This extra 
Armour test eliminates the danger of your receiving 
ammonia that has been contaminated during the 
filling process. 
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Armour Ammonia is also backed by the finest 
technical service available. Armour’s Technical Serv- 
ice Department will furnish blue-prints and engineer- 
ing recommendations . . . supervise your cylinder and 
storage tank installations and give additional aid 
whenever you need it, at no extra cost. 


Ammonia Sales _ 


Armour Industrial Chemical Company 


Division of Armour and Company 


110 North Wacker Drive ¢ Chicago 6, Illinois 
METAL PROGRESS 
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(Continued from page 47) 
magnetic particle inspection. Case his- 
tories compare special methods and effec- 
tiveness. Harry Miller Corp. 


201. Parts Production 

Data on forging, machining and finish- 
ing facilities for parts production. H. K. 
Porter, Forge & Fittings Div. 


202. Peening 

Folder on process and equipment for 
peening, cleaning, finishing. Perfecto- 
Peen Div., Aero-Test Equipment Co. 


203. Plating 

9-page bulletin on copper fluoborate 
bath for printed circuits. th composi- 
tion, make-up and control for copper and 
tin plating. Baker & Adamson 


204. Plating 

8-page brochure on test equipment for 
plating baths. Controls, anodes, cathodes, 
agitators, rectifiers. R. O. Hull 


205. Plating Thickness Tester 

Data sheets give ranges, principle of 
operation of nondestructive thickness 
tester. Unit Process Assemblies 


206. Powdered Iron 

12-page Bulletin No. 2 on iron pow- 
ders. Properties of Plast/Iron, Plast/Steel, 
Plast/Nickel, Plast/Manganese and Plast/- 
Silicon. Plastic Metals Div. 


207. Powdered Metals 

Folder on how powdered metal parts 
can replace machined parts. Norwalk 
Powdered Metals, Inc. 


208. Powder Metallurgy 

16-page booklet on advantages and dis- 
advantages of process, design data, mate- 
rials used. Reese Metal Products 


209. Power Convection 

8-page folder on heat treating furnaces 
using the principle of power convection. 
Surface Combustion Corp. 


210. Precious Metals 

Revised 10-page brochure on solid and 
clad metals, electrical contacts, numerous 
plate products. Metals & Controls Div., 
Texas Instruments 


211. Precipitation-Hardening 
Stainless 

New 24-page booklet on _ properties, 
treatment, fabrication of aircraft steels 
AM 350 and AM 355. Allegheny Ludlum 
212. Precision Plating 

4-page brochure describes process for 
plating selected areas without immersion 
tanks. Sifeo Metachemical 
213. Presses 


12-page brochure on horizontal, multi- 


station, automatic redraw presses. De- 
tails on 12 machines; advantages of multi- 


le-station deep attachments. 
aterbury Farrel Foundry & Machine 


214. Radiation Products 

8-page catalog on equipment for nuclear 
research. Radioactive sources, shielding 
and exposure equipment, instruments, 
services. Budd Co. 


215. Radiography 

16-page booklet on materials and acces- 
sories for industrial radiography. Guide 
to selection of film. ommended devel- 
opment techniques. Eastman Kodak, X- 
Ray Div. 


216. Radiography 

New pe booklet on opener and 
methods of radiographing industrial prod- 
ucts with radioisotopes. Picker X-Ray 


217. Recorders 

Bulletin F-8938 on ‘series 2000 and 3000 
potentiometer recorders. Specifications. 
Wheelco Instruments Div. 


218. Recorders 

New electronic indicating recorders and 
controllers described in 4-page bulletin 
No. 66. Thermo Electric Co. 


219. Refractories 

Revised Brochure IN-115A on products 
for casting special refractory shapes and 
for gunning and applications, 
service to 3000° F. Johns-Manville 


220. Refractories 

12-page catalog shows properties of 
impervious recrystallized alumina and 
impervious mullite. Shapes into which 
each is fabricated. Morganite, Inc. 


221. Refractories 

40-page book lists superrefractories for 
heat treating furnaces and gives data on 
use in different kinds of furnaces. Refrac- 
tories Div., Carborundum 


222. Rolling Mills 
Data on 2-high/4-high combination roll- 


ing mill for metallurgical production and 
research. Loma Machine Mfg. Co. 


223. Rust Prevention 

20-page booklet on causes of rust and 
application of preventives. Data on rust 
preventing liquids and recommended ap- 
plications. Rust-Lick, Inc. 


224. Rust Removal 


Folder on new alkaline cleaning mate- 
rial for removal of rust, certain types of 
heat scale and metallic smuts. Oakite 


225. Shaped Tubing 
Square, elliptical, rectangular and many 
other cross sections of tubing described 


BUSINESS REPLY MAIL 


No Postage Stamp Necessary If Mailed In The United States 


POSTAGE WILL BE PAID BY— 
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in Data Memo No. 17. Applications, order- 
ing information. Superior Tube Co. 


226. Shot and Grit 

New brochure “Facts of Life Concern- 
ing the Use of Shot and Grit” tells of 
blast cleaning functions and materials, re- 
search achievement in manufacture of 
shot and grit. National Metal Abrasive 


227. Shuffle-Hearth Furnace 
4-page folder gives performance, fea- 

tures of new furnace for production heat- 

ing and quenching. Sunbeam Equipment 


228. Slitter 

16-page booklet on rotary gang slitters. 
Sheet and coil slitting methods summa- 
rized. Stanat Mfg. 


229. Slitting Equipment 

Revised 76-page catalog on design, se- 
lection and operation of slitters and slit- 
ting lines, time analyses, operating cycles. 
Yoder Co. 


230. Sodium Wire 

8-page bulletin on process for convert- 
ing metallic sodium into wire. U. S. In- 
dustrial Chemicals Co. 


231. Soldering Fluxes 

4-page bulletin on line of nonacid self- 
cleaning fluxes. How they work. Lake 
Chemical Co. 


232. Spectrograph 

New 8-page booklet on automatic in- 
dexing X-ray oo. Engineering 
data, operating principles and procedures, 
performance, calibration. Philips Elec- 
tronics 


233. Stainless Castings 
Bulletin on advantages of corrosion- 
resistant castings. Ohio Steel Foundry 


234. Stainless Fastenings 
20-page catalog of stainless steel cap 
screws, nuts, washers, machine screws, 
sheet metal screws, set screws, pipe fit- 
tings and specialties. Star Stainless Screw 


235. Stainless Steel 

New handbook of wire, rod, strip. Prop- 
erties, specifications, applications. River- 
side-Alloy Metal Div. H. K. Porter 


236. Stainless Steel 


12-page booklet on new AM-350 chro- 
mium-nickel-molybdenum stainless steel 
which is hardenable by subzero cooling 
or double aging. Allegheny Ludlum 


237. Stainless Steel 

Properties and selection of less 
steel wire, rod, strip. Riverside Alloy 
Metal Div., H. K. Porter Co. 


238. Stainless Steel 
Pocket card gives instructions for mak- 
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ing a chemical spot test to distinguish 200 
series from 300 series stainless steels. Un- 
ion Carbide Metals 


239. Stainless Steels 
File-type data chart compares proper- 


ties of 18 grades of stainless. Peter A 
Frasse Co. 


240. Steel Bars 

Wall chart lists 241 AISI grades of cold 
finished steel bars and gives their analy- 
sis. LaSalle Steel 


241. Steelmaking 

24-page booklet on melting, forging, 
heat sresting, machining and other facili- 
ties. Type of products produced. Midvale- 
Heppenstall Co. 


242. Steelmaking Additive 
Data on additive which cleans melts 
without changing analysis. WaiMet Alloys 


243. Stock Straightener 

Folder an operation and advantages of 
new stock straightener. H. E. Dickerman 
Mfg. Co. 


244, Strain Measurement 
Brochure on new monofilament strain 

gage, with applications, test information. 

High Temperature Instruments Corp. 


245. 

Two new bulletins on performance of 
vacuum induction melted Waspaloy and 
M-252 alloys. Metals Div., Kelsey-Hayes 


246. Surface Finish Testing 
New 12-page catalog on instruments for 
measuring surface roughness including 
those for measuring in small holes, 
grooves, gear teeth. Micrometrical Mfg. 


247. Temperature Control 

New 4-page data sheet No. 660 (2) on 
control system for brazing honeycomb 
panels. Leeds & Northrup Co. 


248. Temperature Control 

24-page article on temperature control 
of heat treating furnaces. Control instru- 
ments, elements and systems. General 
Electric Co. 


249. Temperature Control 

8-page bulletin on temperature control 
systems contains selection guide, termi- 
nology, types of control systems. Wheelco 
Instrument Div. 


250. Temperature Control 
Bulletins on differential expansion units 

for automatically controlling tempera- 

tures and serving as safety limit switches. 

Burling Instrument Co. 

251. Tensile Testing 

4-page booklet on line of tensile testing 
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machines with capacities to 40,000 Ib. 
Steel City Testing Machines 


252. Test Equipment 

Catalog R-36A on complete line of test- 
ing equipment, including all industrial 
electronic and electrical equipment. Day- 
strom-Weston 


253. Testing 

Brochure on facilities for metallurgical 
testing. Methods of analysis of high- 
temperature alloys. Frank L. Crobaugh 


254. Testing Furnaces 

New illustrated catalog on line of metal- 
lurgical testing furnaces, ovens and acces- 
sories. Marshall Products Co. 


255. Thermocouple Insulators 

Bulletin No. 300-56 on complete line 
of thermocouple insulators. Dimensions, 
sizes, types of insulators. Claud S. Gordon 


256. Thermocouples 

16-page catalog on industrial thermo- 
couples, protecting tubes, extension lead 
wires, thermocouple wires, insulators, 
terminal heads, and accessories. Arklay 
S. Richards 


257. Thickness Gage 
Folder on pocket-size gage. How to use 
it. Ferro Corp. 


258. Tin 


20-page bulletin on importance of tin 
to the American industry. Applications 
in aircraft, chemical, container, electrical, 
electronic equipment and others. Malayan 
Tin Bureau 


259. Titanium 

36-page technical handbook on corro- 
sion-resistant properties of titanium and 
its design and fabrication characteristics. 
Titanium Metals Corp. 


260. Tube Furnaces 

Bulletin 559 on tube furnaces for tensile 
and creep testing machines. Hevi-Duty 
Electric Co. 


261. Tubing 

4-page folder on advantages of alloy 
ee tubing. Tubular Products 
Div., Babcock & Wilcox 
262. Tubing 

Special Analysis Memo No. 121 on tub- 
ing of columbium, tantalum, vanadium. 
Applications, properties. Superior Tube 
263. Ultrasonic Cleaning 

24-page Bulletin S-200 explains practical 
applications and basic principles of ultra- 
sonic cleaning. Design of equipment. 
Branson 
264. Ultrasonic Cleaning 


Primer on ultrasonic cleaning, applica- 
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162 185 208 231 254 
163 186 209 232 255 
164 187 210 233 256 
165 188 211 234 257 
166 189 212 235 258 


167. 190 213 236 259 Name 


168 191 214 237 260 
169 192, 215 238 26! 
170 216 239 262 
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tions, compounds, metal cleaning prin- 
ciples. National Ultrasonic Corp. 


265. Ultrasonic Degreaser 
Flier on new model ultrasonic degreaser. 


Features and_ specifications. Princeton 
Div., Curtiss-Wright Corp. 


266. Ultrasonic Inspection 
Dita on new ultrasonic flaw detector 

with details on sensitivity, resolution and 

frequency. Branson Instruments, Inc. 


267. Vacuum Furnace 

New Data Sheet 660 on a vacuum melt- 
ing furnace with melt capacity of 50 lb. 
F. J. Stokes 


268. Vacuum Processing 


Data sheet on bell jar unit gives appli-’ 


cations, pumping system, optional equip- 
ment, specifications. High Vacuum Equip- 
ment Corp. 


269. Vacuum Pumps 
68-page Bulletin 6-1 on high vacuum 
vapor pumps. Describes technique and 


pumping systems. Tables, charts and-, 


graphs. Rochester Div., CEC 


270. Vacuum Pumps 
Bulletin 3180.1 on mechanical booster 
high-vacuum pumps gives application, 
ane data, a specification chart. 
inney Mfg. Div. 


271. Voltmeters 

New bulletin Ell1l describes new models, 
operating principles, list of charts and 
accessories for voltmeters and ammeters. 
Bristol Co. 


272. Welding Equipment 

New 20-page catalog on Heliarc line of 
manual welding equipment and acces- 
sories. Linde Co. 


273. Welding Tantalum 

Illustrated article on arc welding tanta- 
lum by tungsten inert-gas process in 
Fansteel Metallurgy, July 1959. Fansteel 
Metallurgical Corp. 


274. Welding Titanium 

8-page technical brochure on the arc 
welding of titanium. Lists grades of 
pure titanium and titanium alloys which 
ean be welded. Mallory-Sharon Metals 


275. X-Ray Inspection 

Folder on 300 kvp. inspection unit. 
Cutaway diagram. Basic designs. General 
Electric, X-Ray Dept. 


276. Zine Coating 

8-page booklet on zinc-coated steel 
sheets. Fabrication, uses, advantages in 
heating, ventilating and air conditioning. 
Weirton Steel 
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Your best move is to UNITRON... 


for a COMPLETE LINE of METALLURGICAL MICROSCOPES! 


UNITRON’S Complete Line of Metallurgical 
Microscopes and Accessories covers the needs 
of Research, Industry and Education. 


Quality optics . . . advanced optical and 
mechanical design . . . unique and convenient 
operational features . . . budget prices .. . 
free trial period — these, together with 
proven performance are the reasons why... 


THE TREND IS TO UNITRON! 
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two more cases where PARTS PRODUCED FROM 
provide excellent hearing properties 


CASE HISTORY 


MUELLER BRASS CO. 600 ALLOY 
screw machine product used in 
heavy duty farm equipment 


This heavy duty planetary pinion shaft, made as a screw part from tough “600” 
series bearing alloy, was the answer to a continuing wear problem encountered 
in the driving mechanism of heavy-duty farm equipment and big trucks. The part 
is machine produced to exacting tolerances and all necessary finishing operations 
are done by Mueller Brass Co. so the pinion shaft is ready for installation when 
received. Since “600” alloy parts have been installed, no operating failures have 
been reported and the shafts have proved far superior to the material formerly used. 


COLD-PREST 


MUELLER BRASS CO. IMPACT EXTRUSIONS 


ANALYSIS SERVICE 


You get sound, unbiased advice 
on the one best method of 
making your parts because 
Mueller Brass Co. is the only 


Methods Analysis Department 
has at its command a complete 
knowledge of the advantages 
and limitations of each produc- 
tion process. This unique tech- 
nical service is your assurance 


fabricator in the country offez- 
ing all these methods of pro- 
duction. An experienced 


of getting the best product at 
the best price . . . made the 
one best way! 


PLASTIC INJECTION 


MOLDING 


MUELLER BRASS CO. 
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MUELLER BRASS CO. 


ALLOY 


and maximum wear resistance in tough applications 


_J CASE HISTORY 


MUELLER BRASS CO. 600 ALLOY forgings 


used in aviation air compressors 


Analyzing the job requirements of Walter 
Kidde & Company, Inc., for a main driving 
cam component to be installed in a recipro- 
cating type of aircraft air pressor, Muell 


fiberglas containers until needed for actu- 
ation of pneumatic system components such 
as solenoid control valves, brake valves, 
| control valves or actuators. These 


Brass Co. Methods Analysis Engineers de- 
cided on a forging fabricated from “600” 
alloy as the most practical method of pro- 
duction. Since the cam forms the prime 
component of the driving mechanism, it 
must have good bearing wear surfaces and 
because the compressors are used in the 
aviation industry, the cams must be com- 
pletely dependable. The close grained, strong 
forging that resists combination compressive 
and tensile stresses was the answer. 


A typical compressor takes in ambient air 
and tompresses it to 3000 psi or higher. 
This high pressure air is stored in metal or 


This yoke forging is 
lightweight, yet 
| strong; has excellent 
bearing wear surfaces. 


POWDERED METAL PARTS 


PORT HURON 28, 


JANUARY 1960 


SAND CASTINGS 


and other pneumatic units retract the en- 
trance door, operate landing gear, wheel 
brakes, nose wheel steering systems, pro- 
peller brakes or perform other functions. 


Aircraft in which Kidde compressors are 
installed include the Boeing 707, the Douglas 
DC-8, the Lockheed Electra, the Fairchild 
F-27 and various military aircraft. 


Mueller Brass Co. prods press, h 

or cored forgings of any practical shape 
from a few ounces to 150 Ibs. in brass, 
bronze, aluminum and magnesium in 27 
standard, as well as special, alloys. 


MICH 


Aircraft air com- 
pressor equipped 
with hydraulic 
drive delivers air 
compressed to a 
3000 psi at the ; 


rate of 6 cfm. 


Forging is part of the 
main cam, the prime 
component of a modi- 
fied Scotch-type yoke, 
which is the piston 
driving mechanism in 
the air compressor. 


MADE IN USA 
10 THE STANDARDS 
AMERICAN INDUSTRY 
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All slot machines have one common denominator. 
While manufacturing costs should be low, coin in the 
slot dispensers must “deliver the goods”—faithfully 
and consistently. This pre-supposes that the mechanism 
be durable enough to withstand the wear and tear of 
constant handling by people, not all of whom are 
gentle. It is not surprising therefore, to find that most 
of the working parts of such dispensers are die cast. 
The aspirin dispenser shown at left is typical. Inside 
the housing sections are two multi-barreled containers 
which hold the capsules of aspirin tablets. Each: of these 
segments is approximately 4” long and contains 15 
tubes. The two container castings must match exactly to 
insure smooth feeding of the contents across the joint. 

Originally the parts were designed as aluminum 
die castings. The change to zinc was necessary because 
of the inability of the die casters consulted to pro- 
duce the multi-barreled storage sections with sufficiently 
straight sides so that boring operations could be elim- 
inated. As precision-cast in zinc only the simplest 
machine work is needed to finish the parts. A few holes 
are drilled to accommodate self-tapping screws, and a 
slot cut in the bottom storage section to accept the 
delivery mechanism. Had these parts been made by 
any other method, many more—and costly—operations 


would have been necessary to finish them. 


DIECASTING is the Process 
... ZINC, the Metal 


BUNKER HILL ZINC 


Eastern Sales Agents 
ST. JOSEPH LEAD COMPANY, 250 PARK AVENUE, NEW YORK 17 


Sales Office For Pacific Coast 
THE BUNKER HILL CO., 680 MARKET STREET, SAN FRANCISCO 4, CALIF. 


ZN-142 
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Nine zinc die castings make up the 
ABLers greater part of this aspirin dispenser. As 
4 a result, the mechanism is dependable, 
4 _ durable, and resistant to atmospheric 
Te conditions found anywhere. 
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But Only DETREX Can Supply You With the Best of All Three: 


Depend on DETREX for 

Every Metal Cleaning 

and Processing Need 

@ PERM-A-CLOR NA 
(Trichlorethylene) 

@ Solvent Degreasers 

@ Ultrasonic Equipment 

@ Industrial Washers 

@ Phosphate Coating Compounds 

@ PAINTBOND Compounds 

e@ Aluminum Treating Compounds 

@ Alkali and Emulsion Cleaners 

@ Rust Proofing Materials 

e Extrusion and Drawing Compounds 

@ Spray Booth Compounds 


Solvent — Equipment — Engineering 


When DETREX pioneered solvent degreasing and 
introduced PERM-A-CLOR, more than a quarter of a 
century ago, it completely revolutionized metal cleaning. 
Today's PERM-A-CLOR is the finest of trichlorethylene 
products — the result of years and years of testing 

and proving, in the laboratory and on the job. 
Combine PERM-A-CLOR with DETREX< tailored-to- 
the-job equipment, and even greater efficiencies are 
realized. Operating costs are reduced, worker 
productivity is increased, more parts are cleaned 

per pound of solvent. 

Now add the DETREX engineering organization — 
men most qualified to analyze and appraise the 
efficiency of metal cleaning operations — and you have 
another important reason why PERM-A-CLOR users 
get the most for their solvent dollar. 


CHEMICAL INDUSTRIES, INC. 
Box 501, Dept. MP-160 Detroit 32, Michigan 


World’s Largest Exclusive Producer of Cleaning Chemicals and Equipment 
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THE TIMKEN COMPANY 
CUTS DESCALING TIME 


FROM 90 MINUTES TO 30 MINUTES 


How Virgo® Descaling Salt 
gives faster, safer cleaning. 


It used to take as much as ninety minutes 
of straight acid pickling to descale these 
stainless steel tubes at the Gambrinus 
Works of The Timken Roller Bearing 
Company. 

Since switching to Virgo Descaling 
Salt, The Timken Company reports that 
descaling cycles have been cut down to 
one-half hour with actual acid pickling 
time reduced to 10 minutes. Equally im- 
portant too, is the improvement in sur- 
face quality. 

In the same bath, which handles bun- 
dles up to 37 feet in length, the tubes 
are degreased. 

Get these other Virgo advantages in 
your descaling: 

Besides stainless and alloy steels, Virgo 
Descaling Salt descales titanium and its 
alloys. You can even handle both types 
of metal in the same bath. 

Virgo Salt reacts only with scale. 
There’s no loss of base metal, no pitting 
or etching. There’s no danger of hydro- 
gen embrittlement. 


temperatures run from 800 to 1250°F. 

You can descale strip, sheet, bars, wire, 
tubes, castings, or any other form to a 
chemically clean surface. 

You use much less acid with the Virgo 
process. 

For more information on how Virgo 
Descaling Salt works, write for Bulletins 
25 and 25-T (Titanium). 


Help for your other metal cleaning 
operations. 

Desanding. Use Virgo Electrolytic Salt 
to remove sand, graphite, other impuri- 
ties—produce a chemically clean surface. 

Reclaiming parts loaded with carbon 
or rust. Virgo Molten Cleaner works fast 
—is the quick answer for large-scale sal- 
vage operations. 


Vapor degreasing. You get unique 
stability—degrease more parts between 
cleanouts—using Nialk® T'richlorethyl- 
ene with psp (permanent staying power). 

Stripping, acid neutralizing. You can 
get Hooker caustic soda in four conven- 
ient flake sizes, in new easy-to-empty 
drums with 18” openings. 

Acid cleaning, pickling. You can get 
Hooker muriatic acid in 4,000-, 6,000- 
or 8,000-gallon tank cars. 

Plating with tin-zinc, tin, silver, cop- 
per. Get the benefit of more than 50 
years’ experience in potash production, 
when you specify Nialk® caustic potash 
for your plating operations. 

For literature on any of these Hooker 
chemicals for metals, just write us on 
your business letterhead. 


HOOKER CHEMICAL CORPORATION HOOKER 


401] Union Street, Niagara Falls, N. Y. 


CHEMI 
PLASTICS 


The Virgo bath is safe and simple to Sales Offices: Chicago, \!!.; Detroit, Mich.; Los Angeles, Calif.; New York, N. Y.; Niagara Falls, N. Y.; Philadelphia, Pa.; 
Tacoma, Wash.; Worcester, Mass. In Canada: Hooker Chemicals Limited, North Vancouver, B. C. 


operate, using normal precautions. Bath 
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uP TO 


SPECIFICATIONS 


CALL REVERE! 


You can be sure, when you specify or order from Revere, 
that you will get not only fine metal but fine service, includ- 
ing Revere’s cost-saving Technical Advisory Service if 
desired. Revere—now an integrated producer of aluminum 
—can supply you from large modern sheet mills in Baltimore, 
Md., and Chicago, III. 

In addition to aluminum coiled and flat sheet, circles 
and blanks, both plain and embossed, Revere can furnish 
aluminum seamless drawn, welded and extruded tube; 
extruded shapes; forgings; foil; and primary aluminum 
pig and ingot. 


It pays to do business with the most dependable sources 
of supply—such as Revere, which has been fabricating 
fine non-ferrous metals for more than 150 years. 


Revere Aluminum Coiled and Fiat Sheet 
up to 48” wide and up to .125” thick 
Alloys 
3003 5005 
3004 5050 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
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All Purpose 
STRIP MILLS Adaptable to... 
METAL POWDER 

ROLLING 


PRECISE, RUGGED, VERSATILE 


Highest quality is engineered into each minute 
detail of every STANAT mill. Long dependable 
performance in over 500 installations 
throughout the world attests to the extremely 
rugged, high precision construction of 
STANAT rolling mill equipment. 

Whatever your present or future requirements, 
you can now have a single STANAT MILL 

for any or all of the following... 

e Rolling Metal Powders into strip 

© 2-high hot or cold reducing 

4-high finishing 

e Back-up or work-roll driven operation - 
© Hot or cold shape rolling 

e Tension winding to ultra thin gauges 

© Automatic roll changing (for glove-box operations) 


Write for full details. 4 


STANAT 


MANUFACTURING CO.,/NC. 


—— 
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ROLLER HEARTH 
bright annealing 


FURNACES 


Installed at the 
plant of Sawhill Tuvular 
Products, inc. 


Shown above: 


Controlled Atmosphere 

Furnace, Radiant Tube, 
Gas-Fired 

Capacity, 3,000 #/hour 

Alloy Tubing 0.D. to 
2%” O.D. 


Overall, 176 ft. long 
x 7’-6” wide 


GArOOM ana Allow 
Steel Parts 


LDAPS or 


Also Available: 
Gas or Electric Furnaces 


for 
Stainless Steel Annealing 
with or without 
Controlled Atmosphere 


RED LION RD. & PHILMONT AVE. 
BETHAYRES, PA. 
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Make speedier checks of recorders, control- 
lers and base or noble metal thermocouples 
in industrial plants with the new three-dial 
8686 Portable Millivolt Potentiometer. Fea- 
tures such as a central reading window ... 
where measured values appear as a row of 
digits with a scale interpolation ... simplify 
calibration of thermocouples and test meas- 
urements. The 8686 Potentiometer has: a 
wide operating range of —10.0 to +100.1 
mv and +1010 to +1020 mv for standard 
cell calibration; and a high accuracy of 
+ (0.05% of reading +3uv) without refer- 
ence junction compensation, +(0.05% of 
reading + 6 nv) with ref. jct. comp. Write 


8686 Millivolt 
Potentiometer 


for Data Sheet E-33(1A). 


8692 and 8693 
Temperature 
Potentiometers 


If you want to make a variety 
of temperature measurments 
quickly with one flexible 
instrument, investigate the 
new time-saving 8692 Single- 
Range or 8693 Double-Range 
Temperature Potentiometers. 
Available in any of 24 inter- 
changeable temperature and 
millivolt ranges, these instru- 
ments read directly in degrees 


- F or C on a scale 27%” long. 


Convenience features include: 
simplified range changes .. . 
only a screwdriver is needed 
to change a circuit panel, 
scale and binding post studs; 
automatic referenee junction 
compensation .. . reference 
coil, built into circuit panel, 
compensates for thermocouple 
being used; accuracy ... 
+0.2% of range. Write for 
Data Sheet ND42-33(1A). 


4, time-saving 
instruments from the 


NEW 


CONVENIENCE-STYLED 
L&N LINE... 


Need a fast-operating, high-sensitivity, 
high-quality null indicator for use in re- 
search, testing and production checking? 
Here’s a new 9834 Guarded D-C Null Detec- 
tor having a short period of less than two 
seconds for source resistances up to 1000 
ohms, increasing to 4 seconds at 100,000 
ohms . . . ideal for measurements with 
guarded or unguarded potentiometers and 
bridges. Of rugged construction, this port- 
able, line-operated detector provides nu- 
merous convenience features which include 
four degrees of sensitivity, with a basic 
sensitivity of 0.2 unv/mm (0.3 nv/scale div.), 
and a noise level of less than +0.1 pv. 
Write for Data Sheet ED7(2). 


8690 Millivoit 
Potentiometer 


Fast, accurate in-plant check- 
ing of thermocouples, record- 
ers and controllers is expe- 
dited by the new 8690 Port- 
able Millivolt Potentiometer. 
Design features such as “In- 
line Readout”, which permit 
measured values to be read in 
digits with a scale interpola- 
tion, accelerate temperature 
measurements. The 8690 pro- 
vides a wide range of —11.0 to 
+101.0 mv which eliminates 
input reversals; an accuracy 
of +(0.05% of. reading + 20 
uv) without reference junc- 
tion compensation, + (0.05% 
of reading + 40 uv) with 
ref. jct. comp. Write for Data 
Sheet E-33(1B). 


9834 Guarded 
D-C Null Detector 


LEEDS IN NORTHRUP 


4927 Stenton Ave., NTI Philadelphia 44, Pa. 
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s illustrated ere typical examples of those s 
customers.@¥ery day. Such design studies—specifically 
NEERED for each spplication—not oly help visualize mech: 
features of individual job:, but also illustrate the many alloy desig. 
detail incorporated better serviceability 


The unique experience of our staff is reflected in our designs. We 
of course consider efficient loading, convenient handling, and func 
fional operation with furnace sa aod Of equa! importance fo 
serviceability is the ENGINEERING ‘evaluation of the complex 
stresses and deformations ence: ntered in use at high temperatures, 
and in quenching: Aimospere and quench circulation in critical 
part areas are given ipecial atrention. 


An equal caliber of ENGINEERING is employed in our prod 
manutacture—where our proprietary processes have received both 


Remember—this unparalleled comprehensive ENGINEERING service is available 
| to ovr customers without charge. 


1700 W. WASHINGTON ST., CHAMPAIGN, ILL. TELEPHONE FLEETWOOD 6-2568 
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This Lindberg Furnace, 
Model CT3848-A, is being 
used at Ingersoll Milling 
Machine Company, Rock- 
ford, Illinois, for harden- 
ing Ingersoll inserted 
blade milling cutter bodies 
and also for gas carburiz- 
ing. Itis equipped with 
Lindberg's exclusive 
CORRTHERM electric 
heating elements. Tem- 
perature range 1850° to 
2000°F. 


THIS VERSATILE LINDBERG FURNACE BELONGS 
IN MOST ANY METAL WORKING OPERATION 


Heat treating installations across the country, 
captive or commercial, have found the versatility 
and dependability of this Lindberg furnace, either 
electric or fuel fired, a great production asset. Used 
at Ingersoll for hardening and carburizing, it is also 
ideal for a variety of heat treating needs including 
normalizing, annealing and tempering. This furnace 
occupies little floor space, handles a large volume 
of production and its rugged construction keeps 
maintenance costs uniformly low. At Ingersoll, it is 
one of several Lindberg furnaces in regular opera- 
tion. Others include pit and box type Lindberg 
Cyclones and an L-type Furnaéé: Atmospheres are 
provided by Lindberg Hyen Generators. 


Lindberg has developed a wide variety of equip- 
ment for any industrial heat treating requirement. 
We provide everything from individual furnaces to 
complete, automated heat treating installations. 
These can either be factory-built or installed in 
your own plant. For the most satisfactory answer 
to any heat treating problem see your local Lind- 
berg field representative (consult your classified 
phone book) or write direct to Heat Treating 
Division, Lindberg Engineering Company, 2448 
West Hubbard Street, Chicago 12, Illinois. Los 
Angeles Plant: 11937 South Regentview Avenue, 
Downey, California. In Canada: Birlefco-Lindberg, 
Limited, Toronto. 


Fixture being loaded with 
work while furnace is treating 
another load. Treated load will 
be removed and new load in- 
serted quickly and easily. 


CORRTHERM heating ele- 
ments operate at extremely 


low voltage so heat leakage 
through carbon saturation is 
eliminated and shock or short 
hazard prevented. Makes pos- 
sible use of electricity for car- 
burizing withoutfurnace retort. 


4 Be 


The Lindberg installation at Ingersoll Atmospheres for Lindberg furnaces at Ingersoll are 
includes one of our L-type Furnaces, provided by Lindberg’s Hyen Generator, a fully automatic 
ideal for treating high speed steel. process for producing endothermic atmospheres. 


THERE'S LINDBERG EQUIPMENT FOR EVERY INDUSTRIAL HEATING NEED 


1 Salt Bath Furnaces: Complete line of Lind- 3 High Frequency Units: Complete range 5 At for 7 Heat Treating Pusnasnes For every require- 
berg-Upton equipment for. all types of salt bath of induction heating units and furniture. Shown: ment, large or 1, electric or fuel | 
treatment. Shown: tor Shown: New Induction Billet Heater for for ic atmos- tory built or field installed. Shown: 
dip brazing. aluminum extrusions. - hb, Hearth Furnace fieid-instalied by Lindberg 

2 Melting and Holding Furnaces: Equipment 4 Pilot PlantEquipment:Compiete group 6 Ceramic Kilns: All types of kilns: auto- industrial Division. 
for any non- ferrous | metal requirement including of intermediate sized furnaces for pilot matic, atmosphere controlled, high tem- 8 Laboratory Furnaces: Complete line of labora- 
electric and plant and smal! production application. perature, tunnel and periodics. Shown: Pe- tory furnaces from simple hot plates to spe- 
tories, crucible and two chamber induction Shown: New Graphite Tube Furnace, riodic Kiln, temperature range to 3250°F. cialized research units. Shown: Versatile, wide 
units. | gene = KW Induction Furnace with temperature range 2500°F. to 5000°F. range Lab y Box Furnace. 

. Capacity. 


For full information on any type of 


Lindberg equipment see your local ik qi ‘1 
Lindberg fie a representative (look in — Ne pte 


W. Hubbard Street, Chicago 12, Iilino | Bi R heat for industry 
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OF A SERIES 


OLDSMOBILE “TOES THE MARK’”’ 


ELECTRONICALLY! 


Oldsmobile Engineering Leadership sets the 
industry pace with a unique electronic wheel 
alignment device that dynamically computes 
“toe-in” measurements for precision steering 
and handling. 


Handling and steering ease depend upon precise, 
minute measurement and control of front wheel align- 
ment. Because wheels have a tendency to “toe-out” 
when in motion, they must be adjusted for a slight 
amount of “toe-in” to eliminate “wheel fight”, wander 
and undue tire wear. 


To meet the requirement of rapid, yet extremely accu- 
rate measurements on the production line, Oldsmobile 
engineers developed an electronic computor—a linear- 


differential-variable transformer—that dynamically and 
accurately measures the average amount of toe-in within 
-030 inches. As the car is brought into position, the 
wheels are rotated by rollers to simulate actual driving 
conditions and to eliminate errors caused by variations 
in tire run-out. By watching the visual gauges, an oper- 
ator can quickly make the necessary adjustments to the 
steering linkage. 

By using the most up-to-date electronic measuring tech- 
niques in engineering and manufacturing, Oldsmobile 
is able to offer safe, accurate steering and handling . . . 
a controlled, comfortable ride. Visit your local Oldsmo- 
bile Quality Dealer, take a ride in a °60 Oldsmobile and 


see why it’s the value leader of its class! 
OLDSMOBILE DIVISION @® GENERAL MOTORS CORPORATION 


OLDSMOBILE > 


Where Proven Quality is Standard! 
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4 and simpie t 2atment_of an oil-hard: o al with | 
Steel Company, Reading, Pa. | 


Broadens Scope of Selection 
Know a single source where you can get aircraft-quality 
alloys such as 9310, Nitralloy, and 4340 to A.R.T.C.-14 
. . as well as all standard commercial alloys and free- 
machining types? This is typical of the size and diver- 
sity of Ryerson stocks. Here, right at the tip of your 
dialing finger, are thousands of tons of steel and alu- 
minum—in virtually every standard type, size and 
shape. Also, hard-to-get intermediate sizes and special 
analyses are readily available. This is true of Ryerson 
stocks, year in and year out—in all but periods of ex- 
tended production shutdowns. 


Brings Newest Developments 

Remember when lead was first added to carbon steels 
for faster machining...when, a little later, leaded alloys 
came along? Ryerson stocked them for you first. And 
remember just recently when the world’s fastest ma- 
chining steel tubing and bars (Ledloy® 170 tubing and 
Ledloy 375 bars) were introduced? Again, Ryerson 
brought them to you first. 


Gives New Measure of Quality 


Quality—now there’s a word that’s worn thinner than 
an office-seeker’s shoe sole. But Ryerson Metalogics 
has given it new meaning, with a brand-new set of 
rigid quality-control standards that are completely de- 
tailed and published for your scrutiny. They govern 
every aspect of specifications, verification, packaging, 
cutting and certification of all Ryerson products. If 
you want a tangible example of the scope of this new 
quality program, take a good look at Ryerson cutting 
tolerances. Then see if you can find any that are held 
more closely. 


METALOG/CS 


RYERSON PLUS VALUES 


... how it works for you 


Provides Best Technical Help 

“Expert” is another worn-out word we hesitate to use. 
But we do put at your disposal the industry’s most 
experienced men. They’re ready to give you the benefit 
of their nationwide, daily experience with all kinds of 
problems—material selection, fabrication and the ever- 
present specter “‘cost of possession.’’ And remember, 
nowhere else will you find as wide a range of published 
technical information to help you in your metalworking 
operations. It’s yours for the asking. 


Builds Solid Business Relationship 


Here’s a company you should get to know better for 
our primary business is that of satisfying customers. 
And we've kept a lot of people satisfied over the last 
100 years. We’d like to satisfy you, too. 


Meets Your Most Exacting Schedules 
What do you need right now.... tomorrow... or in 
the future? Whatever you need, Ryerson is there— ‘“‘the 
fastest with the mostest’’—exactly when you need it— 
as you need it. 


Why not discuss the exciting story of Metalogics 
with your Ryerson representative soon. You’ll find he 
can help you in more ways than you might think—to 
meet all your requirements for steel, aluminum, plastics 
and metalworking machinery. 


Be "“METALOGICAL”—call Ryerson 


STEEL *ALUMINUM PLASTICS METALWORKING MACHINERY 


METALOG/ICS 


PLANT SERVICE CENTERS: BOSTON + BUFFALO + CHARLOTTE + CHICAGO + CINCINNATI +» CLEVELAND « DALLAS + DETROIT +» HOUSTON + INDIANAPOLIS 
LOS ANGELES + MILWAUKEE + NEW YORK + PHILADELPHIA + PITTSBURGH + ST. LOUIS + SAN FRANCISCO + SEATTLE + SPOKANE + WALLINGFORD 


RYERSON STEEL 


Joseph T. Ryerson & Son, inc., Member of the 


Steel Family 
® 
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Electrosiag Welding 
Comes to U.S.A. 


If you fabricate heavy equipment, you will be 
interested in electroslag welding—an arcless 
technique which can weld joints over 1% in. thick 
in one pass. Developed in Russia, the method 
has been widely applied there and in Europe. 

Last month the process made its bid in eo USS. 
when Arcos Corp., Philadelphia, unveiled equip- 
ment for electroslag welding which it will sell 
and service. Machines available here will apply 
the same working principle (see diagram) re- 
ported by the Russians: A consumable wire elec- 
trode is melted by a molten slag, rather than an 
are, as in submerged-are welding. 

To start the welding process, flux is heated 
to its melting point by striking an arc in a U-shaped 


Flux 
Hopper O 


Horizontal 
Drive 


Vertical 


Drive lower 


System Work Copper Shoe 


How ELectrostac WELDING Works 
Automatic Equipment Joins 
Heavy Sections in One Pass 


tab which forms an extension of the vertical joint. 
When sufficient slag is melted the arc is killed 
by changing the characteristics of current flow. 
Electrical’ resistance of the liquid slag causes 
heating and maintains the slag temperature at 
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about 3500° F. — enough to melt the wire and the 
adjacent parent metal. The metal then collects 
in a liquid pool beneath the protective layer of 
molten salt. Depth of the slag is kept at about 
1'2 in., the metal pool at about % in. 

For vertical welding of heavy sections — the 
most promising applications of the electroslag 
process — the pieces to be joined are spaced about 
1 in. apart. Slag and metal bath are confined to 
the joint by water-cooled copper shoes placed on 
each side of the joint. The entire apparatus — 
shoes, flux hopper, wire feed control, vertical drive 
— moves upward as a unit on a pole. 

Welding is Fast — yay rate with a single 
electrode is up to 45 lb. per hr., but in effect 
electroslag welding compares more favorably with 
other processes than this figure indicates. This 
is because the new method is not only automatic 
but also is a one-pass operation which continues 
uninterrupted until the complete joint is welded. 
No shut-downs are necessary to knock off slag, 
for example. 

Price of equipment with a transformer capable 
of handling one wire electrode is about $18,000. 
Equipment is also built to take a three-wire simul- 
taneous feed for very thick sections (9 to 16 in.). 
Additional transformers — one is needed for each 
wire —are available for $3000 each. (A de- 
tailed report on electroslag welding in Russia and 
the United States will appear in Metal Progress 
next month. ) 


Notes From 
Electric Furnace Conference 


® Roofs made of 70% alumina brick, now being 
substituted for silica roofs in electric furnaces, last 
three to four times as long, according to reports 
given at the Electric Furnace Steel Conference 
(A.I.M.E.) held in Cleveland last month. How- 
ever, such roofs bring new problems: Better 
electrical conductivity of alumina results in arc- 
over between carbon electrodes and cooling rings. 
As a result, rings made of castable refractories are 
being substituted for the hollow metal rings to 
reduce the deterioration caused by this arc-over. 
Progress is being made but there is need for 
further work. 
* Consumable electrode melting is another area 
receiving attention from the furnace men. For 
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example, control systems are being studied. Ac- 
cording to R. P. Morgan, Union Carbide Metals 
Co., Niagara Falls, N.Y., it may be possible to 
eliminate the direct-viewing feature now needed 
in controlling are length. When an oscilloscope 
is connected across the terminals, the signal trace 
impressed on the screen will vary in accordance 
with the type of are. Thus, if the are begins to 
misbehave, its signal changes, and the operator 
knows that adjustments are needed. When fully 
developed, a system of this sort, Dr. Morgan says, 
will be much less expensive than the elaborate 
optical setups now in use, 
¢ A simple vacuum degassing system for small 
foundries was reported by J. K. Dietz, Martin 
Co., Denver, Col. In essence, it consists of a shell 
with attached pump-down equipment. The shell 
can be placed over a small induction furnace con- 
taining a molten heat. As the vacuum is drawn, 
the heat is degassed. According to Mr. Dietz, 
two California foundries have assisted in develop- 
ing this setup, working under government contract. 
So far, vacuums down to 600 microns have been 
achieved. Though this value is rather high, good 
degassing is possible, particularly for hydrogen. 
In four typical heats of Type 347 stainless steel, 
hydrogen was reduced from averages of 4.1 to 5.3 
pm. down to 2.2 to 2.6 ppm. Nitrogen and oxygen 
ave also been reduced appreciably by this setup. 


Rocket Motor Cases: 
Renewed Hope for Titanium 


Titanium is in the running in the search for 
metals suitable for high-strength rocket cases, 
according to metallurgists at Pratt & Whitney Air- 
craft. Asked by the Air Force to select an alloy 
capable of developing a yield strength-to-density 
ratio of 1,000,000, P & W decided after careful 
evaluation that the new beta alloy (13 V, 11 Cr, 
3 Al, balance Ti) showed great potential. Beta 
can be cold worked and aged to a yield strength 
of 180,000 psi. with elongation of 5 to 10%. At 
this stress level, beta reaches the 1,000,000-to-1 
yield strength-to-density ratio and on this basis it 
is equivalent to steel with 280,000 psi. yield 
strength. 

But fabrication and welding characteristics are 


Burst Test ON BETA PRESSURE VESSEL 
Twelve of Sixteen Vessels 


Have Exceeded 200,000 Psi. Stress 


just as important as strength and elongation. At 
a symposium on rocket motor cases P & W ex- 
pressed optimism on beta’s potential in these 
respects too. The alloy develops the desired 
strength after cold working and aging. The relative 
simplicity of heat treatment is itself an advantage 
since machined rocket cases will not tolerate high 
temperatures and quenching if distortion and 
handling problems are to be kept to a minimum. 

Basically the rocket motor case consists of a 
flow-turned cylinder to which forged and machined 
end closures are welded. Preliminary work indicates 
that satisfactory strength and ductility (about 
180,000 psi. yield and at least 5% elongation) can 
be obtained after aging when billets are forged 
and pressed to make the dome-shaped end closures 
and when roll-forged rings are flow-turned to form 
the cylinders. 

Major problem is welding and experience shows 
it must be done with special care. For the time 
being P & W expects to leave welds in the more 
ductile as-welded condition although cold working 
improves strength. Stress-relief by local induction 
heating may be required if residual stresses prove 
too high. Weld metal should also be cooled with 
helium gas to insure a fine-grained structure. 


New Electron 
Emission Microscope 


At the 25th Anniversary celebration of Max 
Planck Institute’s Metallforschung late in Novem- 
ber, described in some detail by Sam Hoyt in the 
Correspondence pages, Professor Duker discussed 
his new electron emission microscope. The elec- 
tron beam is produced by bombarding the specimen 
with ions, and the beam is focused on a plate or 
motion picture film. The fine microstructure of 
the specimen can thus be revealed, and since this 
can be done with a hot specimen, phase transfor- 
mations can be photographed, either as stills or on 
motion picture frames. For example, when viewing 
iron at the Ac, point one can see alpha changing 
into gamma and back again as the temperature is 
gradually lowered and raised. In other alloys 


precipitates can be dissolved and then reappear. 
The theoretical resolution is 150 Angstroms though 
the practical limit is somewhat larger. 


Sandwich Panels 
Made by Resistance Welding 


As operating conditions imposed on supersonic 
aircraft become more severe, engineers may turn 
to welded sandwich structures to obtain best pos- 
sible strength-to-weight ratios. Maximum temper- 
ature that the welded structure can take is 
governed by the high-temperature characteristics 
of the metal from which it is made, instead of the 
bonding agent, such as in brazed honeycomb. 

A unidirectional, cone-type of sandwich struc- 
ture is now being made experimentally by Sciaky 
Bros., Inc., Chicago. Called “Trusscore,” this all- 
resistance-welded structure is being developed 
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RESISTANCE WELDED SANDWICH 


Low Cost May Spur Uses Outside Aircraft 


specifically for aircraft use, but its relatively low 
cost — projected at $20 per sq. ft. in production 
— is expected to open other applications where up 
to now sandwich has not been economically attrac- 
tive, although structurally advantageous. 

Fabrication of the welded sandwich is accom- 
plished in two operations. First, V-corrugations are 
joined to a facing sheet to form the half-panel 
assembly. This operation is accomplished by con- 
ventional seam welding techniques. Then, by a 
special resistance welding process, two half-panels 
are welded together at the corrugation nodes to 
form the finished sandwich panel. 

This special node-welding process eliminates the 
need for internal electrodes at the point of welding, 
and makes it possible to manufacture a 
panel of almost any thickness. 

Node welds are made simultaneously across the 
width of the panel, and at a rate of 3 ft. per min. 
along the length of the panel. This production rate 
is attained irrespective of panel width or length. 


More Color for Metals .. . 
New Vistas for Designers 


Production of colored stainless steel sheet and 
strip will begin this month. The product, called 
“ColorRold”, is a development of Washington Steel 
Corp. and Stoner-Mudge Co., Div. of America 
Marietta Co. The color coating system employs a 
modified acrylic finish available in 11 standard 
colors. Washington Steel will offer colored stain- 
less in all popular gages up to 60-in. wide. The 
coated product is readily formable and can be 
deep drawn without damaging the finish. (The 
new A.S.M. Headquarters has a stainless steel 
sunshade which is gold colored; it is the first 
architectural application of this color system.) 

Aluminum Py up to 60 in. wide, coated with 
straight vinyl, vinyl-alkyd, and acrylic enamels is 
being produced by Aluminum Co. of America in 
19 different shades. Called “Tone-Cote”, the 
product is available as both a one-side or two-side 
coated sheet product. A different color may be 
applied to each side of the sheet. Alcoa says 
colored aluminum will be used to fill the expanding 
needs for color by manufacturers of such products 
as awnings, roofing and siding, mobile homes, 
garage doors, refrigerator cabinets, doors and other 
appliances, fence panels, and many other items. 


Sait Bath Nitriding Process 


An exhibit at the National Metal Exposition, in 
Chicago last Fall which attracted a lot of attention 
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was Kolene Corp.'s presentation of a new salt bath 
nitriding treatment. Developed and proved in 
production in Germany, this process is being made 
available to American manufacturers by Kolene. 
Called “Tufftride”, the process is applicable to 
practically all ferritic metals — low-carbon, alloy, 
stainless and heat resisting steels and various iron 
castings. 

Although the process is a form of nitriding, no 
brittle white layer is formed. The increased fatigue 
properties and anti-galling characteristics of the 
surface are important to the design engineer. The 
surface produced is ductile, does not crack or spall 
and since there is no dimensional change, no stop- 
off is required for threads, keyways and vam 
corners. Camshafts, crankshafts, cylinder heads 
(to prevent cracking), cylinder liners, oil pump 
gears, and steel stampings are among production- 
proved parts in Europe. The salt bath operation 
is carried out at about 1025° F. for soaking times 
of 90 to 120 min. The bath is composed of a 


NITRIDED AUTOMOTIVE PARTS 
Salt Bath Treatment 
Improves Wear and Fatigue Resistance 


proprietary salt containing cyanide as one of its 
components. Cyanide losses are only l'2 to 2% 
per 24 hr. of operation. 

With the short time cycle, great output can be 
realized with small capital expenditure. Com- 
pletely automatic furnaces can be used for process- 
ing mass-produced parts. 


Yttrium Improves 
Oxidation Resistance 


As an alloying element in certain heat resistant 
steels, yttrium (receiving attention for nuclear 
uses ) provides substantial improvement in oxida- 
tion resistance at high temperatures. Research at 
G.E.’s Aircraft Nuclear Propulsion Dept. demon- 
strates, for instance, that when a small amount of 
yttrium is added to Type 446 stainless steel, the 
alloy has the same oxidation resistance at 2500° F. 
as the same grade without yttrium at 2000° F. It 
is also reported that 1% yttrium is equivalent to 
5% aluminum in improving resistance to oxidation 
in iron-chromium alloys. Used together in such 
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alloys, the two metals give even better performance 
but create difficult fabrication problems. Studies 
also show that the rare metal helps prevent the 
entry of nitrogen and. oxygen into the Cr-Fe alloys, 
thus improving ductility and impeding grain growth 


at high temperatures. 


Materials Progress 
in Ceramics and Graphite 


“The next 10 years will probably be known as 
the decade of materials research. We will see 
compressed into that 10-year period, what would 
normally require 50 years’ research effort.” This 
prediction was made by Charles N. Kimball, presi- 
dent of Midwest Research Institute, at the annual 
meeting of the Institute. 

Continued Dr. Kimbail: “The principal incen- 
tive to accelerating materials research is the fact 
that space flight —to which this nation is com- 
pletely committed — forces us to meet new environ- 
mental conditions, such as very high vacuums, 
cosmic rays, ionized gases, acceleration, vibration 
and _ shock.” 

Dr. Kimball went on to point out that the im- 
pact of space research is being felt in industry, too, 
a in lighter, stronger metals, the develop- 
ment of materials to withstand high temperatures, 
new electronic systems and new coatings. Although 
developed primarily for missiles and_ satellites, 
many of these materials will find ready use in 
better, more economical products for industry and 
in a variety of every-day applications. 

The great need for intensifying our knowledge 
of materials justifies a special effort to bring together 
the most recent findings of engineers and specialists 
working with metals and with other materials which 
are important to the metals engineer. Significant 
in this respect is a new class of high-temperature 
ceramics announced a few weeks ago. “Lucalox”, 
as General Electric Co. calls the new polycrystalline 
ceramic which it developed, is closely related to 
sapphire and ruby gem stones, which are single- 
crystal aluminum oxide. But the polycrystalline 
form of aluminum oxide, characteristic of “Luc- 
alox”, is superior to these gems in its ability to 
withstand high temperature without deforrhing. 
Lucalox has a structure which is like metal in that 
its crystals are bonded directly to one another. Its 
light-transmitting ability is close to that of glass. 

This new ceramic should extend the range of 
instruments and devices that are limited by phys- 
ical characteristics of present materials, says 
J. Herbert Hollomon, manager of the General 
Electric Research Laboratory’s metallurgy and 
ceramics research department. One example would 
be high-intensity incandescent and discharge 
lamps which are now limited by heat resistance of 
their transparent envelopes. (Lucalox is stable at 
temperatures close to 3600° F.) Another weer 
application is in the banks of infrared lamps whic 
test the heat resistance of missile nose cones and 
other equipment for space vehicles. It may also be 
used as an electrical insulator and as a material 
for gem bearings in delicate equipment. 
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Another significant development in __high- 
temperature materials is Raytheon’s announcement 
of a process for making oriented graphite in com- 
mercial quantities. Because of its highly oriented 
crystal structure, this material, which the company 
calls “Pyrographite”, offers a unique combination 
of high-temperature characteristics. Thermal and 
electrical conductivity is strongly anisotropic — 
higher (by several orders of magnitude) in a plane 
parallel to the surface than at right angles to it. 
Other valuable properties are high density and 
impermeability to gases. 

Pyrographite is becoming an important material 
for rocket applications due to its high sublimation 
point, high strength and its anisotropic heat trans- 
fer properties. Of particular interest for appli- 
cations in nuclear reactors is impermeability to 
gases. Using a standard mass spectrometer leak 
detector, no permeation by helium has been de- 
tected. The material exhibits this property after 
heating to 2500° C. (4500° F.) and recooling, 
even in films as thin as 1 or 2 mils. 


From Here and There... 


Almost pure Lithium-7 will be available for 
large-scale use in civilian reactors at $120 per kg., 
the A.E.C, announces. Li-7 has a low degree of 
neutron absorption, making it and its compounds 
useful as a coolant in adi reactors and as an 
additive to coolant water to prevent corrosion. 


* e e e 
Tubing of Zircaloy-2, in lengths of 51% ft., is 
being extruded at Harvey Aluminum. Used in 
nuclear reactors, the tubing has a 3.58-in. outside 
diameter with a 0.360-in. wall. Billet weight is 
over 500 Ib. 
e 
Under contract with the Air Material Command, 
Crucible Steel Co. will work on a process for 
making columbium alloy sheets, 36 by 96 in. with 
uniform properties in the flat condition. Colum- 
bium melts at 4475° F. and promises the lightest 
structure of any engineering metal at the incan- 
descent temperatures which will be encountered 
in future aircraft engines, airframes and missiles. 


Are You Using 
Molecular Sieves? 


Molecular sieves are taking on a prominent role 
in the metals industry. As a result of their affinity 
for polar compounds, these absorptive agents, made 
by driving off the water from crystalline sodium and 
calcium alumino-silicates, already figure in proc- 
esses which depend on pure water-free gas or air. 
For example, they can pull moisture from hydrogen 
and drop its dew point from about 15° F. to 
—100° F.—an important point if you are heat 
treating parts in a hydrogen atmosphere. This is 
but one current application of molecular sieves 
which will be discussed in an article in next 
month’s issue of Metal Progress. 


METAL PROGRESS 


ie, 
‘4 


Met 


Vol. 77, No. 


ess 
January 1960 


Critical Points 


By the EDITORS 


Report on the Metric System 


P ERHAPS YOU WILL REMEMBER the “Critical 
Point” titled “Should We Go to the Metric Sys- 
tem?” Published last August, it presented some 
pros and cons concerning the adoption of the 
metric system by this country, and asked for 
your opinions on what we should do. Well, 
letters from many of you have been received 
and the editors of Metal Progress are pleased to 
announce that the final tally was better than 
15 to 1 in favor of adoption of the metric system. 
Such a result might have been expected, but it 
is gratifying to know that metals engineers are 
in truth the progressive group we have always 
felt they were. Actually, the average engineer's 
natural passion for simplicity and efficiency 
made this result a foregone conclusion. 

It must be admitted that while practically all 
replies supported adoption of the metric system, 
there was sharp division as to the mechanics of 
changeover. Was it simpler to start at the 
school level, the industrial level, or both? Most 
were sure that there would be strong objections 
from industry because of the cost which was 
conceded to be in the billions. Despite this, 
they felt the change to be mandatory because of 
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pressure from foreign competition. Today, in 
every part of the world, goods from the United 
States are competing with goods from other 
countries. Since the metric system is universal 
(with the exception of England and its dom- 
inions, which form a tight little marketing group 
of their own), foreign manufacturers start off 
with a built-in advantage. Their weights and 
measures system is easily understood by practi- 
cally everybody they deal with, while ours 
(which even we concede to be more compli- 
cated and cumbersome ) is beyond comprehen- 
sion to most buyers overseas. 

A quotation from one of the letters we re- 
ceived might indicate the problems faced by 
those who are not familiar with our archaic 
weights and measures system. Written by C. 
A. Liedholm of Curtiss-Wright Corp., this letter 
says, “Since I was brought up in that [metric] 
system, I am familiar with its convenience and 
logic. When I was 9 years old or so, all I had 
to remember was “... kilo denotes 1,000, hecto, 
100, deci, tenths, centi, hundredths, and milli, 
thousandths’. With that and a few auxiliary 
items of information, I could convert any com- 
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mon unit into any other common unit. Today, 
I still have to look up such silly conversions as, 
1 liquid gallon equals 231 cu.in. (in the United 
States, not in the United Kingdom), 1 cu.ft. 
(dry) equals 1728 cu.in., 1 United States gallon 
of water weighs 8.34 lb., and many others. I 
haven't met a single engineer yet who knows 
them all.” 

Remember, the foregoing is only one man’s 
opinion — and he is a man who found he had to 
change over to the English system after he be- 
came an adult. Those who know only the 
metric system cannot help but gravitate toward 
products made and sold that way. 

Yet, despite the advantages of the metric 
system, a change to its exclusive use would 
have a drastic effect on the whole economy. 
After all, practically everybody uses weights 
and measures constantly. To change every 
unit, name and all, would cause no end of con- 
fusion for quite a long time. Those readers of 
Metal Progress who replied had many sugges- 
tions for reducing this trouble to a minimum. 
For instance, most felt that it should be done 
over a long period, five to ten years at least. 

Here is one idea: We quote Donald Hunter of 
the Martin Co., who says, “It [the metric sys- 
tem] could be brought into operation gradually, 
both systems being used for a time, with figures 
being given thus: 28.4 g. (1 0z.). This would 
emphasize the metric system and provide a 
guide as well.” 

A chemical engineer in Texas, Stephan J. 
Stolton, suggested a similar gradual approach, 
and added a novel changeover-by-area method. 
Here's how it goes. At first, milk could still be 
bought in quarts, but these would be “0.95 liter” 
bottles. As bottle-making machines wore out, 
they would be replaced by machines which 
made liter bottles. Then, the remaining quart 
bottles would be moved to another area, and the 
new liter bottles would take their place. As 
time went on, more liter bottles would appear 
while the quart bottles disappeared. Gradual- 
ly, area by area, the change would go on until 
the country was metric as far as milk was con- 
cerned. (To be consistent, gallons, pints, and 
half-pints should be changed along with quarts, 
though Mr. Stolton didn’t mention this. ) 

So much for that. Suggestions as to how 
changeover could be accomplished are perhaps 
best summed up in Mr. Goering’s letter printed 
in the correspondence section of this issue. 
(Other letters on this subject are also in the 
correspondence department, p. 134.) Basically, 
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he proposes that the change be made at a non- 
industrial level — children would be taught the 
metric system from the start, the Government 
would use the metric system in all of its activi- 
ties, and the like. In time, industry would 
change to accommodate to the new conditions. 

Unfortunately, the picture as drawn by our 
correspondents is not complete. Though there 
is wide agreement that the change should be 
made, nobody seems to have any idea of the 
cost. Actually, this is not surprising. There are 
no figures. Some research showed us that 
American manufacturers long ago decided the 
change was too expensive, and now take the 
attitude that “Since we are not going to change 
our weights and measures system anyway, why 
should we spend money trying to figure out the 
actual cost? We already know it costs too much, 
and that’s all we need to know.” 

There is some reason in their belief. We all 
know that our manufacturers are extremely 
cost-conscious. They are well aware, as we 
mentioned before, that foreign competition 
presses at them from all sides. All of them 
know that the metric system is much easier to 
use than the English system. If our manufac- 
turers thought for one minute that the metric 
system would save them money, they would 
start using it tomorrow. As it is, however, the 
system is seldom discussed in industrial circles. 
Apparently, our industrialists have given up on 
it as a cost-cutter despite its potential. 

So we reach an impasse. Scientists and lab- 
oratory workers already quite uniformly use the 
metric system and they can talk to foreign 
counterparts without misunderstanding. The 
electrical and electronics industries, born com- 
paratively recently, are based on metric units 
(although an outlet plug bought in New York 
will do you no good in Paris). It seems to the 
editors of Metal Progress that any. American 
industry or firm with any aspiration to do busi- 
ness outside of the United States should care- 
fully assess the advantages of the metric system 
of measurement as applied to their product and 
weigh the cost against the expected profit of a 
change to a new measurement system. Here is 
where the metals and materials engineers can 
exercise some influence. 

If you believe that the metric system is su- 
perior to the one we use today and that its 
ultimate adoption is certain, analyze the facts 
and then try your best to convince your man- 
agement. That is the only way it will ever come 
about in free America. ) 
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An English Metallurgist Looks at. . . 
Progress in Metal Forming 


By D. V. WILSON* 


In this review of forming practices here and in Europe, 

the author suggests several areas where the metallurgist can make 
valuable contributions. These include the development 

of new cold drawing alloys, and methods for processing 


Peruars THE Most SIGNIFICANT recent ad- 
vances in industrial cold forming have been in 
the development of mechanical equipment. 
For example, transfer presses are now in use 
which carry out many separate operations with 
automatic transfer from one stage to the next. 
Figure | illustrates typical parts made by these 
processes. Such machines may produce 1000 
components per hr. with an output per operator 
20 to 40 times as high as that achieved with 
single-stage presses. From the automatic press, 
it is but a step to the automatic press line, and, 
beyond this, to the automatic factory. 

Another cold forming technique with very 
high output rates is cold extrusion. Its out- 
standing characteristic: Extremely large defor- 
mations can be carried out in a single operation. 
Now established as a method of forming some 
of the stronger metals including steel (Fig. 2), 
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familiar alloys. (G4, G5, G9, G14) 


it can provide outstanding economies when ap- 
plied to properly designed components. 

The newer industries have created new prob- 
lems in metal forming. The exacting service 
conditions required by aircraft and rockets, for 
example, may require materials which would 
certainly not be chosen for their forming proper- 
ties alone. Also, pressings of great size or 
complexity are often needed to reduce the 
number of separate components in the final 
assembly. The builder may need only a few 
parts of a given design; this alters the economics 
of the process. These unusual requirements 
have been answered by such special techniques 
as rubber pressing, “marforming”, “hydroform- 
ing”, roll forming, and explosive forming. 

These advances in technique have been aided 


*Senior Lecturer, Dept. of Industrial Metallurgy, 
University of Birmingham, Birmingham, England. 
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Fig. 1 — Production Stages 
of Sheet Metal Components 
Produced on _ Transfer 
Presses. Output can exceed 
1000 pieces per hr. (From 
L. Schuler A.G., Germany) 


Fig. 2— Examples of Cold 
Extrusions Manufactured at 
R.O.F. Birtley, England. 
Numbers 1 to 4 are back- 
ward extrusions in alumi- 
num and aluminum alloys 
(148 and 75 S) with reduc- 
tions of 50 to 80%. Number 
5 is a backward extrusion 
in 70-30 brass. Numbers 
6 to 16 are low-carbon 
and mild steel components 
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by progress in materials. Continuing develop- 
ments in refining, casting and rolling have all 
played their part in providing new materials, 
and in improving the economy of production 
and the quality of established alloys. 

Despite this progress, it is the engineer, rather 
than the metallurgist, who has pioneered the 
outstanding recent advances in metal forming. 
Generally, developments concerned with modes 
of deformation, tool configurations and _fric- 
tional conditions appear to offer more scope 
for improving performance than do attainable 
improvements in materials. In deep drawing, 
for example, performance is known to be rather 
insensitive to moderate variations in plastic 
properties. In drawing flat-bottomed cylindri- 
cal cups from low-carbon steels, aluminum, 
brass and copper, in conditions varying from 
fully annealed to half-hard, typical test results 
for all these materials are found to lie within 
the range of drawing ratios 2.0 to 2.2. This may 
be contrasted with the changes in drawing 
performance resulting from seemingly trivial 
variations in drawing conditions. Figure 3 sum- 
marizes tests showing that, in drawing rir ming 
steel, the drawing ratio can be changed from 
about 2.30 to 2.20 by a less than tenfold increase 
in drawing speed. At the higher speed, the 
drawing ratio can be improved from 2.20 to 
2.45 simply by removing the lubricant from the 
punch side of the blank. 


Forming Limits 


What are the fundamental factors limiting 
the cold deformation which may be applied to 
a metal in a particular operation? A useful in- 
sight is provided by analyses of the stress-strain 
systems operating in different types of metal- 
working processes. 

Deep Drawing —In deep drawing, for ex- 
ample, the sensitivity of the drawing ratio to 
variations in lubrication and tool form, and its 
relative insensitivity to the plastic properties of 
the metal, can be interpreted in terms of the 
following analysis. 

As Fig. 4 shows, in drawing a cup from a flat 
blank, the systems of straining are basically 
different between the outer region of the blank 
(which is initially held between die and blank 
holder) and the central region over the punch 
head. 

When fracture occurs in cup drawing, it 
generally does so in the metal which is thinned 
by stretch forming over the punch profile radius. 
Thus, with material of given plastic prop- 
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erties and thickness, the load at which fracture 
occurs is largely determined by conditions with- 
in the stretch formed zone, such as punch 
profile, and the restraints due to friction. How- 
ever, the load this region is called upon to sup- 
port is determined by events in the outer 
drawing zone. Blank diameter and the fric- 
tional drag imposed by die and pressure plate 
are most important. A decrease in friction or 
in the metal’s yield strength affecting only the 
stretch formed zone will decrease the load 
which can be supported and so reduce drawing 
capacity, but similar decreases affecting only 
the drawing zone are beneficial. An over-all 
change in the metal’s strength or in lubrication 
will generally act to change both the drawing 
load and the fracture load in the same direc- 
tion. In this event, the resultant change in 


Fig. 3— Deep Drawing Tests Made at Two 
Speeds on an Annealed Rimming Steel With a 
Hemispherically Nosed Punch, 2 In. Diameter. 
An E.P. oil lubricant was used. For the upper 
results, oil was on the die side of the blanks 
only. Oil covered both sides of the blanks for 
lower results. See text for explanation of results 
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drawing capacity will reflect only the difference 
of the changes in drawing load and fracture 
load. On the other hand, the benefits of dif- 
ferential lubrication* illustrated in Fig. 3 can 
be explained as a consequence of increasing 
punch-side friction. An increased load can be 
supported without any corresponding change in 
the drawing load. 

We might note that the superior drawing 
performances obtained with the marforming 
and hydroforming techniques must often occur 
because the stretch-formed zone is clamped 
rather firmly to the punch by the pressure ex- 
erted on the outer surface of the component. 
At the same time, friction on the “die” radius 
(but not on the pressure plate) is practically 
eliminated. 

This view of the deep drawing mechanism 
also explains the outstanding results which can 
be achieved by differential annealing or dif- 
ferential heating of the blank during drawing. 
In both instances, material in the drawing zone 
is softened in relation to the material in the 
central stretch formed zone. 

Failure in deep drawing is, essentially, failure 
to support the drawing load. Large deforma- 
tions are practicable if they are subdivided into 
separate draws, to keep loads within safe limits. 
It is significant that transfer presses have ap- 
preciably reduced the economic disadvantages 
of multiple operations. 

Stretch Forming — The criterion of failure in 
stretch forming is essentially different from that 
in drawing. In true deep drawing, the stretch- 
ing of the material over the punch head is 
inessential in the operation. The deepest draws 
are obtained when metal flow over the punch 
head is most effectively restricted. In a pure 
stretch forming operation, on the other hand, 
uniform stretching over the punch is required 
and a high work hardening capacity in the 
metal is clearly beneficial. Once local necking 
starts, the material must be annealed if further 
deformation is required. 
~ *With liquid lubricants, the influence of drawing 
speed on performance is often due, predominantly, 
to effects of differential lubrication. Lubricity 
seems to improve with drawing speed because 
fluid-film conditions are promoted by increased 
speed, With a general improvement in lubrication, 
both the drawing load and the load which can be 
supported are reduced. In a free draw with a 
ree geome nosed punch, the effects of im- 
proved punch-side lubrication are generally domi- 
nant, and drawing capacity then decreases with 
increased drawing speed. With a flat-nosed punch, 
the opposite is generally true. 
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Fig. 4 — Systems of Straining in Deep Drawing 


In practice, tool form and lubrication are 
also important, and they greatly complicate the 
prediction of performance. In one experiment, 
identical sheets were stretch formed at three 
different speeds, using a liquid lubricant on a 
hemispherically nosed punch. Result: Lubrica- 
tion improved as punch speed rose. When fric- 
tional restraints are reduced, the applied biaxial 
stress system increases genera: thinning of the 
metal before plastic instability and local failure 
develop. Improved punch lubrication thus acts 
to improve stretch forming performance. 

It is evident that performance in those ex- 
plosive forming operations which are essentially 
stretch forming will be favored by completely 
eliminating punch friction. In other instances, 
the high compressive stresses produced by ex- 
plosives may be used advantageously. 

Extrusion — In considering high deformations, 
the most intriguing results are those achieved 
by a single cold extrusion. Although volumetric 
stresses apparently do not affect yielding 
behavior, they have a pronounced effect on 
fracture. Tension promotes it. Compression 
suppresses it. For example, in his classic re- 
searches on the effects of pressure, Bridgman 
showed that reduction in area at fracture of a 
0.45% carbon steel test piece can be increased 
to 90% by applying a surrounding pressure of 
16,000 atmospheres. This is comparable to tool 
loads experienced in cold extrusion of steel. 


Scientific Design in Metal Forming 


A discussion of the factors which control 
forming limits must give first place to the under- 
lying importance of the applied stress system. 
In the light of this, one may question what 
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turther contributions the metallurgist can make 
to the development of metal forming. In fact, 
it was recently suggested that future advances 
depend principally on the tool designer, while 
the metallurgist can make only marginal im- 
provements in the quality of materials. This 
judgment overlooks a number of potential de- 
velopments in materials, in particular the 
increasing demand for materials that are “tailor- 
made” to suit the combined requirements of the 
appropriate forming methods and service con- 
ditions. Wherever metals must be used with 
maximum efficiency, such as in aircraft and 
nuclear engineering, this requirement is ob- 
vious. However, the same trend is evident 
among materials used in mass production. 


Measuring Formability 


The scientific design of materials demands a 
good understanding of the relationships be- 
tween initial properties, behavior in forming, 
and final properties. 

In practice, predicting a material's perform- 
ance in a forming operation remains something 
of an art. Process development is evolutionary, 
and in the last stages still owes much to cut-and- 
try methods. In stretching and drawing opera- 
tions at least, there is still no way to calculate 
forming limits from basic properties with useful 
precision. 

However, progress would be slow indeed if it 
relied solely on the crude “go, no-go” gage of 
success or failure in practical operations. In 
fact, research has established laboratory tests 
for drawing and stretching properties which are 
quantitative, and can produce a measure of 
formability which is considerably more dis- 
criminating than can be derived from uniaxial 
tensile tests. 

Surprisingly, the metal forming industries 
have not benefited much from quantitative deep 
drawing tests. This is probably because such 
tests depend for their success on simulating 
actual forming conditions. To be sufficiently 
accurate, they must be sufficiently simulative. 
Most of the disappointments are probably due 
to attempts to apply these tests in inappropriate 
conditions. 

It is difficult to analyze practical metalwork- 
ing operations. In the first stage, it is probably 
best to compare the performance of known 
materials both in laboratory tests and under a 
wide range of conditions met in practice. This 
important step is now being actively promoted 
by such organizations as the International Deep 
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Drawing Research Group and the Institute of 
Sheet Metal Engineering, and the results will 
provide an important stimulus to improvements 
in material selection and development. 
Matching materials to the forming operation 
is only half the problem, however. Improve- 


ments in the properties of the formed product 
are also to be considered. To illustrate, let us 
discuss one aspect of possible improvement — 
namely, designing for mechanical strength. 


Designing for Strength 


The mechanical properties of a manufactured 
component depend on the forming operation as 
well as on the basic properties of the material. 
Despite this, there are few materials available 
which have been developed specifically to ex- 
ploit the potentialities of cold working as an 
economical method of obtaining high strength. 

The aluminum-magnesium alloy series are an 
example of such materials. With good stretch- 
ing and drawing properties, they can develop 
relatively high strength through deformation. 
Within limits, the mechanical properties of the 
final product can be matched to service require- 
ments by using the proper magnesium content. 


Work Hardening Capacity 


A high work hardening capacity not only 
leads to greater final strength but also can im- 
prove formability in drawing and stretching 
operations. Work hardening is structure sensi- 
tive and can be controlled through composition 
and microstructure. Even in single-phase mate- 
rials, simultaneous improvements in strength 
and formability are claimed for materials having 
the very fine grain sizes produced by modern 
short-cycle continuous annealing. 

In the future, materials of extra high work 
hardening capacity may be devised espe- 
cially for cold forming where high strength, 
rather than ductility, is required. Such mate- 
rials would perform particularly well in stretch- 
ing if work hardening were sustained through 
a wide range of deformation. Intrinsic work 
hardening might be enhanced by arranging for 
a phase transformation to occur as a result of 
deformation, or by rapid strain aging in some 
substitutional alloys. Indeed, some austenitic 
stainless steels evidently owe part of their high 
work hardening capacity to a partial transforma- 
tion to ferrite during working. Stress-induced 
transformations in some beta titanium alloys 
appear to offer similar opportunities for en- 
hanced work hardening. 

Austenitic steels illustrate both the advan- 
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Fig 5 — Effect of Previous Cold Work 
on Aging Behavior of Duralumin 


tages and disadvantages of high 
work hardening capacity. They have 
excellent stretch forming characteris- 
tics, and can develop useful strengths 
of about 180,000 psi. Disadvantages 
include high tool loads, lubrication 
difficulties and excessive spring back. 
However, cold extrusions are now 
made successfully with oxalate coat- 
ings. Some explosive forming tech- 
niques appear particularly promising 
for this type of material. The large 
forces required present little difficulty, 
and lubrication and spring back prob- 
lems can be greatly reduced. 

Generally, the unexplored territory of ex- 
plosive forming particularly intrigues the metal- 
lurgist. Even conventional materials can be 
expected to behave in novel ways and give un- 
usual properties, due to alterations in the modes 
of deformation and the production of new types 
of microstructure. 

Whatever the mode of deformation, it is 
probably safe to say that the highest useful 
strengths will be produced by cold working 
alloys which contain fine precipitates. Piano 
wire, conventionally drawn, can be as high as 
400,000 psi. This is by no means the theoretical 
limit. Bridgman* drew piano wire with a 
superimposed hydrostatic pressure of 180,000 
psi. to an astonishing 580,000 psi. while retain- 
ing over 20% reduction in area. Current re- 
search both in the West and in Russia on the 
effects of hydrostatic pressure in forming, and 
on extrusion using direct hydraulic pressure, 
may lead to new industrial processes. How- 
ever, probably the most important contribution 
the metallurgist can make in this field at present 
is to provide reliable tool materials of ex- 
ceptional strength. Recent developments in 
cermets could be useful here. 

Wider advantage could be taken of the mate- 
rials which can be formed in the solution heat 
treated condition and then age hardened. Thus 
full strength is developed after forming is com- 
plete. In this way, finished components of high 
strength can be produced without the need for 
high tool loads. Existing age hardening alloys 


*As described in discussion of Technical Publica- 
tion No. 2449, Metals Technology, Vol. 15, 1948, 
p- 102. 
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vary widely in their suitability for this type of 
operation, and much remains to be discovered 
about the interrelations of plastic deformation 
and precipitation. Generally speaking, how- 
ever, increased nucleation on dislocations can 
be expected. In some alloy systems, precipita- 
tion will cause more rapid and more effective 
hardening. In substitutional systems, cold 
working enhances diffusion rates to promote 
both precipitation and overaging. Figure 5 
shows how previous cold working affects aging 
of a commercial duralumin. In drawn com- 
ponents, this type of behavior can be turned to 
good account, since it provides some degree of 
choice of the final strength distribution inde- 
pendently of the cold work distribution imposed 
by the forming operation. Short aging periods 
develop strengths up to 90,000 psi. in the more 
heavily deformed regions, while the lightly de- 
formed material remains less strong. Longer 
aging periods will give much more uniform 
strength with some reduction in the peak 
strength values. 

At present, most of the materials to which 
this type of strengthening technique can be 
applied are conventional age hardening alloys 
designed for hardening by heat treatment 
alone. There can be little doubt that many 
alloys specifically designed for hardening by a 
combination of cold working and precipitation 
hardening remain to be developed. 

Far from being relegated to the task of 
making marginal improvements in existing 
materials, metallurgy can make an increasingly 
important contribution to progress in metal 
forming. 
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Report From Sritzerland 


if 


Steel Castings for High Duty 


By HANS E, HUBSCHER* 


Brief description of equipment installed at a leading Swiss foundry 
and the manufacturing and control methods for making steel castings 
for especially severe services. (E-general, 1-52; ST, AY) 


Sixce metal castings 
have produced intricate and useful shapes, 
reaching this pre-eminent position long before 
cutters were available to machine equivalent 
shapes out of more massive pieces. Tradi- 
tionally, the more fusible metals like lead, cop- 
per alloys and cast iron were used, and about 
75 years elapsed after ingots were cast from 
crucible steel before small, high-carbon steel 
castings were made by F. H. W. Needham in 
England, and a century before low-carbon steel 
castings were made commercially by J. C. 
Fischer in Switzerland (1840). The difficulties 
in handling this strong, refractory metal and its 
alloys were surmounted slowly and with dif- 
ficulty. Nevertheless, with the aid of advanced 
metallurgical techniques and close quality con- 
trol, steel castings are now made which have 
uniform properties in all directions. By virtue 
of alloying and heat treatment, these properties 
can include tensile strengths as high as 190,000 
psi. and excellent resistance to cavitation and 
to corrosion by various chemicals. 

In the following notes an attempt is made to 
give an account of the manufacturing, inspect- 
ing and machining methods at the steel foundry 
of George Fischer Limited at Schaffhausen, 
Switzerland, one branch of a large jobbing 
foundry. The main production is steel castings 
for hydraulic, steam and gas turbines, electric 
generators, large diesel engines and aircraft. 
Runners for water turbines are almost a special- 
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ty. Castings have been shipped weighing up to 
45 tons. As a rule, the castings are delivered 
rough machined, with a small finish-machining 
allowance. 

Melting — The melting shop has four basic- 
lined electric arc furnaces ranging from 8 to 30 
tons capacity. All have a swinging roof for top 
charging and the 30-ton furnace is equipped 
with an A.S.E.A. magnetic stirring device.t 
Proper stirring is necessary to expedite the re- 
actions between slag and molten steel and also 
for evenly distributing the alloying additions. 
Since really good stirring of large heats by hand 
is a difficult and slow operation, almost impos- 
sible to do properly, a magnetic device is of 
great help and is applied successfully. 

Induction furnaces with capacities from 1000 
to 3000 Ib. are available to make smaller cast- 
ings, especially in high-alloy steels with low 
carbon. 

*Chief Metallurgist and Metallurgical Advisor to 
Manager, George Fischer Steel Foundries, Schaff- 
hausen, Switzerland. 

+Manufactured by the Swedish General Electric 
Co. (Allminna Svenska Elektriska Aktiebolag, or 
A.S.E.A.). It consists of a coil fixed underneath 
the furnace shell and through which flows an alter- 
nating current of very low frequency, roughly one 
cycle per second. The circulation of the molten 
steel is reversible in direction. (The bottom part of 
the furnace shell is made of nonmagnetic steel 
plate.) This stirring device is used in the United 
States by General Electric Co., Republic Steel 
Corp., and Timken Roller Bearing Co. 
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Steel has been melted in electric arc furnaces 
at Fischer’s for over 50 years and it is now more 
than 10 years since oxygen lancing was intro- 
duced. Originally this was confined to heats 
remelting stainless steel scrap, but now every 
heat is melted with the help of oxygen. In 
principle, the refining practice has remained the 
same in the course of years, operating with two 
slags. 

The temperature of the liquid steel is meas- 
ured with immersion pyrometers in the furnace 
and also in the ladle at the pouring stations. 
Chemical compositions are checked during the 
heat by rapid analytical methods. Quick meth- 
ods have also been developed in a special lab- 
oratory for gas analysis. 

Molding — The molds for the medium size 
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Pelton Water Wheel 
Runner for a_ 130,000- 
Hp. Water Turbine. 13% 
chromium steel; diame- 
ter 11 ft.; weight 12 tons 


and the large castings are made of chamotte*, 
while the molds for small castings consist of a 
mixture of natural molding sands. All molds 
are dried with the aid of portable driers which 
blow hot air through them, the air being heated 
either by gas or electricity. Large cores are 
also made of chamotte. Cement-sand molding 
was tried experimentally for a time, but aban- 
doned on account of lack of space for air-drying 
the molds and because of higher costs. 

Heat treating furnaces are all fired with pro- 
ducer gas from our firm’s gas works. Large tanks 
are ready for oil and for water quenching. 


*Chamotte is a synthetic molding material made 
from calcined aluminous clay, ground and sized, 
and mixed with about 10% raw clay and an appro- 
priate amount of water. 
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High-Pressure Steam Turbine Casing of Cr-Mo-V-W Steel; Weight 20 Tons 


Cleaning — In the last few years, the practice 
of smooth grinding of the outside, unmachined 
surface of steam turbine casings, pump casings, 
and similar high-duty castings has been greatly 
extended, since it facilitates nondestructive 
testing. 

Machining — As mentioned before, practi- 
cally all our steel castings are delivered rough 
machined with a certain allowance for finish by 
the customer. (This, of course, gives a close 
dimensional check and layout of the casting.) 
On a few occasions we have finish machined 
and polished water turbine runners. It is pos- 
sible that this trend toward completely finished 
water turbine runners will be extended. As a 
matter of fact, the Fischer steel foundry is 
equipped with all the necessary machine tools 
for machining even the largest of our castings. 
For example, the biggest vertical boring mill 
can machine a casting up to 26 ft. in diameter. 

Welding was originally merely a means for 
repairing foundry defects. It has also often 
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become a part of manufacturing. I refer to 
such things as welding connecting pieces on 
steam turbine casings, welding tubes on pump 
casings, welding nozzle boxes into steam tur- 
bine casings. These welded connections are 
replacing bolted flange connections on high- 
pressure steam turbine casings. 

All such joints are made by arc welding. 
Extensive facilities are available for preheating 
prior to welding, as well as for post-heat treat- 
ments. Preheating is of course most important 
for alloy steel castings of high hardenability 
in order to avoid cracks at and alongside the 
joints. Special mention should be made of a 
device for preheating by electrically induced 
currents. * 

Inspection — Besides chemical analyses and 
determinations of mechanical properties, ex- 
tensive use is made of nondestructive testing, 


*See “Induction Heating for Stress-Relievin 
Large Steel Cylinders”, by G. W. Seulen, Metal 
Progress, January 1957, p. 126. 
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particularly the following methods: Magnaflux, 
ultrasonics, X-rays, gamma rays, betatron, dye 
check (and sometimes acid pickling). All im- 
portant castings, such as those for hydraulic 
stations or steam power plants, are inspected 
by Magnaflux or ultrasonic rays during manu- 
facture and finally by radiography. 

For the last-mentioned, a 250-kv. X-ray set 
and radioactive sources of cobalt-60, cesium-137 
and radium are available, but the instrument 
now most widely used is a Brown Boveri beta- 
tron of 31 Mev. This has been in regular 
operation since 1957 after a trial period of 
nearly two years. With it castings with a wall 
thickness up to 20 in. can be radiographed. 
This is the first betatron to be used industrially 
on the European continent and is believed to 
be the only one in a foundry in Europe. It is 
now housed in its own building made with 
thick concrete walls having barite aggregate. 
One great advantage of the betatron is that it 
has short exposure time as compared with that 
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High-Head Runner for a 
175,000-Hp. Francis 
Water Turbine. 13% 
chromium steel; diame- 
ter 12 ft.; weight 23 tons 


necessary for X-rays or radioactive isotopes. 

The amount of work spent on cleaning, con- 
troliing and testing of steel castings has been 
growing steadily as a result of the more rigor- 
ous specifications written by our customers. 

Laboratories — Besides carrying out analyses 
by wet methods and physical-chemical meth- 
ods, the chemical laboratory makes much use 
of the spectrograph. Our equipment includes 
a Zeiss quartz spectrograph, a French direct 
reading spectrometer (“Spectro-Lecteur”) and 
a quantometer made by Applied Research 
Laboratories, the latter being employed pri- 
marily for checking the chemical composition 
of the steel during the refining process. 

A few years ago a gas laboratory was built 
to study the influence of gases in the steel upon 
the properties of the castings. Equipment is 
designed for quick estimation of hydrogen, 
nitrogen and oxygen in the steel during the 
melting process. The gas laboratory also has 
a vacuum melting unit for research work. 
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Our physical and metallurgical laboratory is 
continually working on new alloys and better 
heat treatment methods, as well as testing the 
mechanical and magnetic properties of the 
different steel grades under various conditions. 
Small melting furnaces and heat treating fur- 
naces are at the disposal of the technologists. 
More and more emphasis is being placed on 
fatigue tests, impact tests at subzero tempera- 
tures and particularly creep tests at elevated 
temperatures. On several occasions, endurance 
limits have even been specified as acceptance 
tests for water turbine runner castings. Impact 
tests at low temperatures using Schnadt test 
pieces (special V-notch test pieces) are made 
principally on steels for ordnance castings. 
Because of the extended duration of creep tests, 
the number of machines for creep tests had to 
be increased and this subdivision of the labora- 
tory now has equipment for 300 test bars 
in toto. 

The task of our central sand laboratory in- 
volves research as well as the testing of molding 
sands and refractory materials. 

All these laboratories are now housed in a 
a new building. Although they work chiefly 
for the steel foundry, they also do the routine 
work for the malleable iron, gray iron and light 
alloy foundries of the Fischer company. 

Cast Steel Grades—The steel foundry of 
George Fischer Limited makes castings in over 
70 analyses of steel, including corrosion resist- 
ing, heat resisting, creep resisting and wear 
resisting steels. Corrosion resisting and creep 
resisting steels have now been cast for more 
than 30 years. 

Low-alloy steel castings are manufactured 
with a large range of ter-ile strengths, up to 
190,000 psi. Castings for aircraft are mainly 
for parts of the landing gear, most of them 
made of chromium-molybdenum steel (1% Cr, 
0.3% Mo) heat treated for tensile strengths in 
the range of 100,000 to 175,000 psi., according 
to specification. Experience has shown that 
besides correct heat treatment the sulphur con- 
tent of low-alloy high-tensile steels must be 
very low in order to meet severe specifications 
—less than 0.01%. 

Many years of experience in the manufacture 
of intricate steel castings, and possession of the 
necessary modern equipment, particularly for 
nondestructive testing, place Fischer in a posi- 
tion to supply castings complying with all speci- 
fications for atomic power plants. 

To supply corrosion resisting castings suit- 
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Aircraft Casting of Chromium-Molybdenum 
Steel. Tensile strength is 128,000 psi. 


min., weight 135 lb., 100% radiographed 


able for the many different applications in in- 
dustry, we have added some nickel-base alloys 
to the group loosely called “stainless steels”. 
Cooperation with customers in the field of cor- 
rosion resisting alloys has led to a satisfactory 
solution in nearly every instance. 

One interesting feature is the growing use of 
the 12 to 13% chromium steel for water turbine 
castings. Repairing any damage from cavita- 
tion or erosion is no more a problem (now that 
correct welding techniques have been devised ) 
as has been demonstrated on many occasions. 

It would certainly be of advantage if the 
number of steel grades could be reduced. 
Especially in the field of creep resisting steels 
there are too many varieties with practically the 
same properties. The same thing applies to the 
heat resisting steels. The only domain where a 
reduction of the number of steel grades is 
hardly possible is that of the corrosion resisting 
steels, since there are a great many different 
conditions of service, and many analyses have 
been devised to meet particular conditions. @ 
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High-Temperature Alloys 
in the U.S.S.R. 


By A. G. GUY* 


Soviet research covers a wide range of topics having a bearing 

on high-temperature strength and plastic deformation. 

Close cooperation is maintained between research and industrial plants 
for rapid application of scientific advances. (Q-general, M24, 2-61; SGA-h) 


Lenin Prospect is a wide, attractive bou- 
levard in a new section of Moscow along which 
official delegations often make their triumphant 
entry to the city. The traffic bands are sepa- 
rated by lawns planted with shrubs and flow- 
ers, and often there are colorful banners and 
posters lining the boulevard. The name “Ave- 
nue of the Institutes” is sometimes given to 
Lenin Prospect because several research insti- 
tutions are imposingly situated on block-long 
grounds along the boulevard. 

One of these is the Institute of Metallurgy of 
the Academy of Sciences of the U.S.S.R. named 
for A. A. Baikov — considered to be the most 
important metallurgical research institute in 
the Soviet Union. Its 30 research groups or 
laboratories are led by many of the country’s 
best known metallurgists — I. I. Kornilov, I. A. 
Oding, and I. M. Pavlov are featured in this 
article. 

The field of high-temperature alloys is an 
important one at the Institute and serves as a 
good example of research procedures there. 
An important point is the degree to which the 
work is divided among several groups. For 
example, special vacuum melting is done in 
the laboratory of A. M. Samarin, difficult plastic 
deformation by Pavlov’s group, the majority 
of testing by Oding’s group, and research on 


*Professor of Metallurgical Engineering, Purdue 
University, Lafayette, Ind. Dr. Guy was on leave 
at the Baikov Institute of Metallurgy in Moscow, 
January to July 1959. Acknowledgment is grate- 
fully made by the author to the National Science 
Foundation for the grant under which this study 
was conducted and to Purdue University for a 
sabbatical leave. 
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alloy compositions by Kornilov’s group. Al- 
though each group carries out its own investi- 
gations relatively independently, there is effec- 
tive cooperation when a topic requires the 
capabilities of two or more groups. 

It is largely because of the division of effort 
that a wide range of topics is being studied 
having a bearing on high-temperature strength. 
These include: dislocations, electronic struc- 
ture, atomic displacements, bonding forces, 
and alloying principles, as well as various prop- 
erties of many rare metals. A surprising gap 
in this coverage — the absence of any evidence 
of programs of alloy development — can per- 
haps be explained by the reluctance of the 
Soviets to reveal compositions of new alloys. 
A commendable feature of Soviet research 
is the close cooperation between industry and 
research institutes. 


Laboratory of Chemistry of Metallic Alloys 


This laboratory, under the direction of Prof. 
I. I. Kornilov, is best known for work on alloy- 
ing behavior, along the general lines of the 
Hume-Rothery rules. Present experimental 
work includes the determination of binary, ter- 
nary and more complex equilibrium diagrams 
of metals such as iron, nickel, chromium, tung- 
sten, molybdenum, titanium and columbium. 
Intermetallic compounds are considered from 
several viewpoints: alloying behavior, thermo- 
dynamic properties, and creep properties. 

Phase relations in many component systems, 
a topic of great importance for high-tempera- 
ture alloys, are receiving much attention. 
Kornilov’s work has indicated that actual phase 
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Fig. 1 — Constitution Diagram of the Quasi- 
Binary System TiC and y, Which Des- 
ignates a Six-Component Solid Solution 


relations may be much simpler than the most 
general cases possible under the phase rule. 
The simplification is possible because of the 
great tendency toward the formation of both 
metallic solid solutions and metallidic solid 
solutions. The latter is a solid solution be- 
tween intermetallic phases —for example, be- 
tween NisCb and Ni;Ta. 

When only a metallic solid solution forms 
from the liquid phase, as in a limited portion 
of the six-component system, Ni-Cr-W-Mo-Cb- 
Ti, the phase constitution can be represented 
almost as in a binary system using only a 
liquidus line and a solidus line in a temperature- 
composition section through the diagram. If 
a metallidic solid solution also forms from the 
liquid phase, the phase constitution may be 
represented by a similar but somewhat more 
complex temyperature-composition section. 
Triangular sections would be adequate for the 
representation of isothermal relations among 
three phases, and tetrahedral space figures for 
four phases. 

An application of some of these ideas was 
made in an experimental study of the equilib- 
rium between TiC and the solid solution con- 
taining 82% Ni, 7% Cr, 3% W, 3% Mo, 3% Al, 
and 2% Cb. By considering the system to be 
composed of only two phases, TiC and the six- 
component solid solution, the constitution dia- 
gram was treated as a quasi-binary section and 
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was found to have the simple eutectic charac- 
ter shown in Fig. 1. 


Diffusion and High-Temperature Strength 


Another topic being studied by this labora- 
tory is the relation between diffusion and high- 
temperature strength. When these two proper- 
ties were compared for two, three, and five- 
component nickel-base alloys, it was found that 
good high-temperature strength was accom- 
panied by a low rate of diffusion. This obser- 
vation is consistent with the view that diffu- 
sion processes are the basis of deformation by 
creep. Although the five-component alloy was 
the strongest at temperatures below 1100° C. 
(~010° F.), it became weaker than the three- 
component alloy at higher temperatures and 
its diffusion rate became greater. 

A more detailed study of the interrelation 
of composition and temperature with high- 
temperature strength and diffusion was made 
on a five-component nickel-base alloy contain- 
ing 20% Cr, 6% W, 4.5% Al, and 0 to 9% Ti. It 
was found that the titanium content at which 
the diffusion rate was a minimum shifted from 
3% at 955°C. (1750° F.) to 0.5% at 1250°C. 
(2280° F.), in agreement with the corresponding 
shift for maximum high-temperature strength. 

The data on high-temperature strength dis- 
cussed above were obtained by the centrifugal 
method.* The essence of the method is shown 
in Fig. 2. When the assembly is spun about 
its axis in a suitable furnace, the weights at the 
end of each specimen rod produce the bending 
force that causes gradual deformation, meas- 
ured as the angle of bending from the initial 
vertical position. 

The centrifugal method has been used ex- 
tensively to obtain diagrams of strength as 
related to composition, in which high-temper- 
ature strength is plotted completely across a 
binary diagram. There is now special interest 
in corresponding diagrams for ternary and 
more complex systems, including data on the 
variation with testing temperature of the com- 
position of maximum strength. It is believed 
that the method can also be used to carry out 
a program of extremely long-time tests, pos- 
sibly longer than the 100,000-hr. tests done in 
the United States. Studies would be made of 
the variations with time of testing of the struc- 
ture and hardness of alloys. Curves of strength 


*“A High-Temperature Centrifuge for Creep, 
Rupture, and Bend Tests”, by I. I. Kornilov, Journal 
of Metals, March 1958, p. 187. 
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as a function of composition would also be 
determined for various times of testing. 


Laboratory of Mechanical Properties of Alloys 


This laboratory, under the leadership of Prof. 
I. A. Oding, is working on a variety of prob- 
lems, but the largest amount of space is taken 
up by testing equipment of various kinds, 
mostly of conventional design. There are large 
banks of machines for testing in rupture, creep, 
relaxation, and endurance. The genera! prob- 
lem of fatigue failure is of great interest and is 
being studied mostly at room temperature 
although some testing is done up to 900°C. 
(1650° F.). A large-scale testing program on 
fatigue of railroad rails is also underway. 

Relaxation is also extensively studied using 
Oding’s “ring method”, in which an almost com- 
plete ring is wedged open to produce the initial 
stress in the test section of the ring. At the 
Baikov Institute advantage has been taken of 
the speed and convenience of the ring method 
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Fig. 2— End View of Specimen Assem- 
bly in Kornilov’s Centrifugal Testing 
Machine at the Conclusion of a Test. 
Inset shows details of the test equip- 
ment. Tests for small amounts of 
deformation, corresponding to creep 
conditions, as well as tests of long-time 
rupture strength can be carried out 


to choose alloys for bolts to operate at high 
temperatures. 

Various aspects of creep and creep-rupture 
have been of continuing interest in this labora- 
tory. For example, the effect of the surface 
layer was studied during rupture testing at 
450° C, (840° F.) of low-carbon steel specimens 
0.15 to 2.0 mm. (0.006 to 0.08 in.) in diameter. 
It was found that both the time to rupture and 
the amount of deformation at rupture for a 
given stress decreased appreciably for diameters 
less than 1.0 mm. (0.040 in.). Therefore, it was 
concluded that microspecimens cannot be em- 
ployed to obtain creep and rupture data appli- 
cable to machine parts of normal size. 

Statistical aspects of rupture-test data have 
been studied. For efficient achievement of 
reliability in a rupture curve, it is recommended 
that about 15 specimens be tested. These can 
either be distributed over the whole stress 
interval or used as groups of three at each of 
five stress levels. 
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Creep of special alloys has been investigated 
to determine the relative importance of defor- 
mation at grain boundaries and within the body 
of grains. Microscopic evidence of grain- 
boundary deformation was found in recrystal- 
lization, polygonization, and disappearance of 
twins in steels subjected to creep conditions. 
Evidence for deformation within the grains was 
obtained indirectly from measurements of mi- 
crohardness and electrical conductivity. In 
specimens experiencing a decrease in creep 
rate, the average microhardness decreased, 
reflecting the decrease in density of dislocations. 
Conversely, conditions of increasing creep rate 
produced an increase in microhardness. 

Measurements of electrical conductivity gave 
a similar agreement with theory. When the 
creep rate decreased, indicating a decrease in 
dislocation density, the conductivity increased. 
Later in the same test an increase in creep rate 
was accompanied by a decrease in conductivity. 
Therefore, it was concluded that deformation 
in creep occurs because of changes both within 
the grains and at the grain boundaries. 

Professor Oding’s laboratory has shown con- 
tinuing interest in extending creep and rupture 
testing to unusual conditions of stress and tem- 
perature. Experiments have been made on 
varying the temperature during a test at con- 
stant stress, and on varying the stress in a 
constant-temperature test. Recently, the effect 
of complex stresses on creep of thin-walled 
tubes of 18-8 stainless steel at 600° C. (1110° F.) 
was studied. It was found that creep under 
ratios of shear stress to tensile stress from in- 
finity to zero could be described adequately by 
the usual Hencky theory, although an exponen- 
tial relation between creep rate and stress gave 
somewhat better agreement. 

It is indicative of the reluctance of Soviet 
metallurgists to accept the dislocation theory 
that as late as 1958 Oding and Geminov pub- 
lished a general treatment of the theory advo- 
cating its use in the area of plastic deformation. 
Actually, Oding’s group has been actively 
applying dislocation theory for several years, 
and this area is currently of major interest. 

Oding has published a general analysis of 
creep phenomena based on the assumption that 
the rate of creep is proportional to the number 
of dislocations in position to move.* Also, 


*“Structural Theory of Creep of Metals”, by 
I. A. Oding, contribution to the volume “Contem- 
porary Problems of Metallurgy”, Akademiya Nauk 
SSSR, Moscow, 1958, p. 564. 
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Oding and Lepint used an equation derived 
from dislocation theory to correlate the defor- 
mation characteristics obtained in relaxation 
tests and in creep tests. In this way it is 
shown that ordinary creep data can be used to 
predict relaxation strength or deformation un- 
der complex stresses. Experimental work in 
this area is being continued. 

Several other aspects of dislocation theory 
are of current interest in Oding’s group. Ther- 
momechanical working of metals (the produc- 
tion of substructures) is being investigated as 
a means of increasing rupture strength or creep 
strength. Commercial high-temperature alloys 
are deformed at the test temperature — up to 
400°C. (750° F.)—and then are tested for 
possible improvement in high-temperature 
strength. So far no general relations have been 
observed in the test results. 

Work on metal whiskers is in the initial 
stages. This includes the growing of whisk- 
ers, testing their properties (including impact 
strength), and studying structural features such 
as orientation and crystal perfection. 


Laboratory of Plastic Deformation of Metals 


This laboratory is under the direction of I. M. 
Pavlov, who is well known for his books on 
rolling of metals. Research is broadly con- 
cerned with plastic deformation on a wide 
variety of projects. For example, investigations 
of conventional metalworking are carried out 
on commercial forging and pressing equipment, 
and there are extensively instrumented rolling 
mills for research in this area. A variety of 
equipment is available for testing the effect of 
deformation on experimental alloys. Impact 
testing, as an example, can be done at high 
temperatures in tension, or a curve of force 
of deformation versus time of impact can be 
obtained oscillographically, using a special 
tester fitted with a piezo-electrical crystal. 

This laboratory is devoting considerable at- 
tention to a topic of great interest for high- 
temperature alloys— plastic deformation of 
brittle materials. Pavlov believes that whether 
or not deformation improves the high-tempera- 
ture strength of a given alloy, it may be useful 
as a forming process or as a means for giving 
the ductility at room temperature required for 
fabrication operations. 


+“Determination of Characteristics of Deforma- 
tion According to Creep Curves and Relaxation of 
Stress”, by I. A. Oding and G. F..Lepin, Metal- 
lovedenie i Obrabotka Metallov, No. 4, 1959, p. 2. 
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Plastic Deformation of Brittle Alloys 


The condition of stress during deformation of 
a specimen is of major importance. Specifically, 
tensile stresses, concentration of stresses, and 
nonuniform deformation must be minimized. 
An important tool for this purpose is the model- 
ing of a given deformation procedure, including 
photo-elastic analysis of the stresses. When a 
desirable procedure has been chosen, special 
laboratory equipment is used to effect deforma- 
tion under favorable conditions. For example, 
in one device a cylindrical specimen is elon- 
gated stepwise by radial compression between 
shaped dies. 

Another important requirement for success- 
ful deforniation of brittle materials is that the 
rate of deformation be very slow. Although 
it is not difficult to design the mechanical action 
of suitable equipment, there is the more serious 
problem of maintaining the specimen at the 
high temperature needed for successful work- 
ing. This problem has been solved by the use 
of electrical resistance heating and automatic 
control of temperature during the deformation 
process. The electrical equipment includes 
transformers that reduce 380 volts to about 10 
volts and deliver 3000 to 15,000 amp. Almost 
all of the devices for high-temperature deforma- 
tion are equipped for this type of heating. 
Research is now being done on a machine that 
achieves the condition of gradual deformation 
by the repetition of very small deformations; 
repetition of stressing can be performed as often 
as 2000 times per min. on the equipment pres- 
ently being used. 

Recent studies’ in Pavlov’s group on the 
working of brittle materials include an appli- 
cation to titanium alloys. Among titanium 
alleys that may require the special working 
conditions discussed above are high-tempera- 
ture types, those containing large amounts of 
alloying elements, or alloys that must be given 
cold deformation. In the case of titanium al- 
loys, there is a double advantage in using tri- 
axial compression for producing uniform defor- 
mation since the same mechanical device can 
also protect the alloy being worked from con- 
tact with harmful gases. 

Other research is being done on the effect 
on structure and properties when the deforma- 
tion process involves a reversal of a previously 
completed deformation. Although the metals 
studied are iron, copper, and aluminum, it was 
intended that the conditions should approxi- 
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mate those met in the hot working of high- 
temperature alloys. For specimens that were 
returned to their original shape in the course 
of a given deformation (corresponding to 70% 
extension, for example), the microstructure 
showed relatively little distortion but hardness 
and strength were comparable to those of speci- 
mens subjected to normal deformation. 


Cooperation Between Research and Industry 


A feature of Soviet research that has special 
importance for Pavlov’s laboratory is the close 
cooperation maintained between research insti- 
tutions and industrial plants. Cooperative pro- 
grams are carried on by his laboratory with at 
least three different plants and this permits 
industrial scale testing of promising new ideas. 
Formal agreements specify that certain alloys 
are to be supplied by the mill, that required 
equipment is to be made available, and that 
the necessary tests are to be run. In return, 
staff members of the research institute spend 
about half of their time at a given plant, which 
may be more than 1000 miles away. 

This cooperative arrangement is mutually 
advantageous. The research group benefits 
from the availability of additional, large-scale 
equipment and also from stimulating contact 
with current industrial problems. A chief ad- 
vantage to the plants is the rapid application of 
scientific advances — an achievement that has 
impressed recent American observers. 


Conclusions 


Soviet work on high-temperature alloys can 
be evaluated in two ways: its present status and 
an estimate of its future potential. Judged on 
the basis of the research work reviewed here, 
the present status might be described as “ade- 
quate”, but below the level of the best work 
in the United States. 

There are several reasons for predicting that 
the Soviet position will improve rapidly. New 
research institutes, such as the Academy of 
Sciences in Siberia, are rapidly being built; 
the present Baikov Institute itself was not in 
existence a few years ago. Scientific person- 
nel in large numbers and of good quality is 
being made available through a system of com- 
petitive selection for higher education. Per- 
haps most important is the fact that stimulation 
for research comes not only from the technical 
literature of the western countries but also 
from the native industry, which is large, rapidly 
growing, and often quite modern. 
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Improved Aluminum Alloys 
for Bright Anodizing 


By F. HOWITT and I. H. JENKS* 


Aluminum of commercial purity with balanced magnesium and silicon additions, 
or alloys of the Al-Zn-Mg-Cu family, all produced under rigid control 

in mill and heat treating operations, give an excellent combination 

of low cost, good strength, and high reflectivity. (L19; Al-b) 


Tuere was BEEN a steady increase for 
some years in the use of aluminum alloys where 
brightness is a requirement. In Europe, auto- 
mobile manufacturers have been using bright 
anodized aluminum trim for 10 to 15 years; the 
material most commonly used has been super- 
purity aluminum (99.99%), either as such or 
with adlitions of certain alloying elements 
chosen to increase the strength but not to 
reduce seriously the response to the bright ano- 
dizing processes —that is to say, brightening 
by chemical means followed immediately by 
sulphuric acid anodizing. 

Recently, bright anodizing has been intro- 
duced in North America for finishing automo- 
tive trim and components and parts of house- 
hold appliances. In some of these, stronger 
metal is required than superpurity aluminum, 
and since this commands a price extra, the 
need to keep costs down so as to compete with 
the traditional chromium plate makes it de- 
sirable to substitute commercial purity alumi- 
num as the base metal if possible. Such a situ- 
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ation has warranted much research. This 
article will review the principles involved in 
securing good response in the process, discuss 
the evolution of alloys to date, and predict some 
additional promising developments. 


The Chemical Brightening Process 


The objective of the operation is to produce 
a surface by chemical reactions which will be 
as smooth and bright as possible and which will 
be maintained in this condition by immediate 
anodizing for maximum light reflectivity. 

The surfaces of most aluminum products 
such as sheet and extrusions appear bright 
and uniform as they come from the mill. 
Actually, in comparison with most other metals, 
they reflect light to a relatively high degree. 
However, the as-fabricated surfaces are not 
smooth, but consist, rather, of numerous minute 
ridges or peaks in more or less random arrange- 


~ *Respectively, Head of Physical Metallurgy Div. 
and Head of Publications Div., Aluminium Labor- 
atories, Ltd., Kingston, Ont., Canada. 
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Chevrolet 60 front is almost all aluminum, 


as is also the back 


the Chevrolet. 


ment with troughs or valleys between or sur- 
rounding them. Incident light rays are there- 
fore scattered and diffused with consequent 
loss, particularly of specular reflectivity (reflec- 
tance as by a mirror and distinct from diffuse 
reflectance). The first or chemical brightening 
step must reduce this irregularity and leave 
a smooth, uniform surface. Such a surface will 
have enhanced reflective properties which may 
be maintained by the second or anodizing step 
which produces an anodic protective layer 
sufficiently thin and transparent that no great 
loss of reflectivity occurs. 

Sources of Irregularity of the Surface — Two 
types of irregularity will be found in aluminum 
products: (a) Mechanical roughness and (b) 
metallurgical irregularity. 

Mechanical roughness arises from the manu- 
facturing processes — for example, die markings 
on extrusions. While such irregularity can be 
smoothed by chemical brightening, reduction 
to tolerable proportions by careful control of 
the processing conditions is most desirable. 

The most important contributing factor in 
metallurgical irregularity is the constitution of 
the metal or alloy. In common with all metals, 
aluminum (even of high purity, and aluminum 
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The station wag- 
on has even more 
aluminum trim, 


and the Cadillac 
tops them all. 


alloys to a greater extent) is nonisotropic and 
slight differences in electrical potential exist 
from point to point which set up galvanic cells 
within the metal wherein one area becomes the 
anode and another the cathode. Such potential 
difference may exist between a grain boundary 
(where the boundary is the anode and is at- 
tacked ) and the grain (which is the unaffected 
cathode). Some aluminum alloys contain inter- 
mediate constituents of different potential to the 
matrix; sometimes these may be a phase preci- 
pitated from solution during processing. In all 
of these situations, local galvanic cells of vary- 
ing strength will exist at the surface. The cur- 
rent in these cells which governs the degree of 
attack will depend on the components of the cell 
(although other factors such as resistance and 
type of solution also play a part). 

Surface contamination, or pickup from the 
manufacturing process, constitutes another 
source of irregularity. Most common are 
particles of iron and dirt picked up from the 
rolls during hot rolling. More serious still, 
slivers and fragmented aluminum oxide may 
make their appearance on the surface during 
hot rolling and are carried on through the cold 
rolling operation. These may be classed as 
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“contaminants” of the surface and they, too, will 
cause electrochemical differences. 

It should also be appreciated that some of the 
manufacturing methods used in the modern mill 
may produce a nonuniform surface although 
some grades of metal are more susceptible to 
certain defects. For example, coarse grain 
tendency must be controlled during casting of 
superpurity aluminum. In metal of commercial 
purity, reticulation (a characteristic network of 
fine lines) may appear on rolled products after 
brightening and anodizing. Effects of an unde- 
sirable nature may appear in certain alloys, due 
to the orientation of the grains or of grain 
clusters. The influence of the type of deforma- 
tion and the grain size of the metal on the 
response to bright anodizing has been investi- 
gated by French workers and will be briefly 
discussed later in this article. 

It will be apparent that, in designing alu- 
minum alloys for maximum response to chemi- 
cal brightening, those systems should be chosen 
which will produce alloys of uniform chemical 
composition and which will not precipitate con- 
stituents of different potential from the matrix 
during any necessary heating or heat treatment. 
Furthermore, the alloys should be such that the 
deformation techniques will produce no detri- 
mental effects. 

Chemical Brightening — Optimum response 
to chemical brightening requires appropriate 
baths and techniques. The metal is attacked by 
suitable acid solutions; this attack by its very 
nature will dissolve different constituents at 
varying rates. In other words, “etching” will 
take place. 

The composition of the bath may be varied to 
bring about more uniform etching. While 
baths of many compositions have been tried, the 
ones most commonly used in North America 
an! the United Kingdom are based on phos- 
phoric acid as the etching agent, and contain 
uttric acid as an essential oxidizing agent. In 
the United States and Canada, glacial acetic 
acid is generally added to give the best all- 
round characteristics. 

The mechanism by which these solutions 
smooth and brighten the surface is very com- 
plex; the phenomena have been intensively 
studied and explanations have been advanced 
by several workers. It is generally agreed that 
the smoothing reactions are both chemical and 
electrochemical in nature. The simple chemi- 
cal solution reactions require little comment, 
except to say that solution from projections 
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occurs at a somewhat higher rate than from the 
intervening troughs. In the electrochemical 


reactions, the current in existing local cells is 
increased by the oxidizing agent, by the ele- 
vated bath temperatures, and sometimes by 
additions of certain heavy metals to the solution. 


Metallurgical Factors Affecting Anodizing 


Metallurgical factors play an important role 
in the second or anodizing step when the sur- 
face itself is converted to oxide. Unless this 
conversion is uniform in depth and constitution, 
reflectivity will be lost. Particles of different 
composition will react in different ways or at 
different rates to produce a nonuniform anodic 
film and roughen the interface between metal 
and oxide film. Such particles may consist of 
elements which, upon oxidation, produce crystal 
forms of different color and refractive index 
from the alumina film in which they are sus- 
pended. Sometimes the particles dissolve only 
partially, or not at all, and thus may be em- 
bedded in the film. 

Considerable work has been done by various 
investigators to assess these effects — indeed, an 
adequate review of the existing literature would 
require a separate article. The consensus is 
that any precipitate or separate phase is unde- 
sirable, and the advantage of superpurity 
aluminum becomes evident. Similarly, if a 
multiphase structure can be homogenized by 
heat treatment, a uniform rate of oxidation and 
a correspondingly uniform oxide film may be 
expected. If it is necessary to use a heterogen- 
eous alloy, the particle size and distribution are 
important. In general, particle size should be 
submicroscopic. 


Materials for Bright Anodizing 


On the basis of the principles and evidence 
discussed briefly above, the first choice of a 
material suitable for bright anodizing would be 
superpurity aluminum, in which the impurities 
are of a type and in such low amount that mini- 
mum interference is offered in both the bright- 
ening and anodizing steps. However, such 
metal has the disadvantages of low strength, 
susceptibility to grain growth during fabrica- 
tion, and higher cost. 

Some consideration has been given to alu- 
minum of commercial purity (99.5 to 99.8% Al) 
for nonstressed applications such as household 
utensils and parts of appliances, but its handi- 
cans are (a) deleterious effect of common im- 
purities, particularly iron, in both the brighten- 
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ing and anodizing treatments and (b) that no 
appreciable increase in strength is provided. 

Theory of Alloy Design—The fact that a 
bright, uniform surface can most readily be 
produced from an alloy of uniform composition 
suggests single-phase alloys with uniform solute 
distribution, free of inclusions. 

In alloys strengthened by heat treatment, 
particular care will always be required to pre- 
vent precipitation of a phase of widely different 
electrochemical properties from the matrix. 
However, this does not rule out supersaturated 
alloys or those in which a precipitate may be 
taken back into solution. It does exclude any 
alloy systems where alloying elements may 
form phases which may precipitate during nec- 
essary thermal treatment and which cannot be 
redissolved. Manganese, iron, chromium and 
some other metals are eliminated as major 
components because their compounds are pre- 
cipitated at the high temperatures required for 
homogenization and no subsequent treatment 
will redissolve them. 

Such systems as Al-Mg, Al-Cu, Al-Zn and 
Al-Mg,Si are promising because these alloying 
elements may be expected to produce the re- 
quired hardening but will not bring about 
intolerable effects during bright anodizing. 
Also, these alloys are usually strengthened by 
rolling and extrusion and these manufacturing 
processes can be controlled to produce uni- 
formity of structure or preserve homogeneity. 

In commercial alloying practice, the binary 
systems are less frequently used than ternary 
systems. For example, in the aluminum-mag- 
nesium system silicon is usually added and the 
full mechanical properties are developed by 
heat treatments rather than by relying on strain 
hardening alone. Thus, certain phenomena 
associated with heat treatments must be con- 
sidered in designing alloys for bright anodizing. 

Precipitation hardening should not, as a rule, 
be a factor militating against satisfactory bright- 
ening and anodizing. For example, in the 
system Al-Mg-Si the magnesium silicide is 
scarcely distinct from the solid solution, and 
when precipitated as a separate phase it can be 
controlled to submicroscopic size and thorough- 
ly dispersed. While overaging would produce 
particles of larger size, aging must be restricted 
not only to prevent growth of the particles but 
to retain the maximum mechanical properties. 

The Al-Mg alloy system is the most promis- 
ing. Two groups of this type are now in use in 
Europe and to a lesser extent in North America: 
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Fig. 1 — Effect of Metal Purity and Thickness of 
Anodic Film on Total Reflectivity (Full Lines) 
and on Specular Reflectivity (Dashed Lines) of 
Representative Types of Alloy. (Helling and 
Neunzig, Aluminium, Vol. 9, 1952, p. 289) 


(a) Those based on superpurity aluminum 
(99.99%) and (b) those made from selected 
metal of commercial purity (99.8% Al). A rep- 
resentative group of commercially available 
alloys belonging to the first group, with typical 
compositions, is shown in Table I. 

The strength of superpurity aluminum can be 
increased two to three times and still retain the 
ability to brighten and anodize with very little 
loss of reflectivity (see Fig. 1). The possible 
effects of natural impurities and of strengthen- 
ing elements have been much discussed. Some 
recent research by W. E. Cooke and R. C. 
Spooner in Aluminium Laboratories in Kingston 
has studied the loss of specular reflectivity by 
incremental additions of copper, iron, mag- 
nesium, silicon, titanium, zinc, both individually 
and in certain combinations. The results have 
confirmed earlier work and the theories cited 
previously —namely (a) iron has the most 
deleterious effect on the bright anodized finish 
because of its low solubility in aluminum and 
(b) copper, magnesium, silicon, titanium and 
zinc, by virtue of their greater solubilities, have 
relatively little effect. 
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Table I — Commercially Available Bright Anodizing Alloys 
Based on Superpurity Aluminum 


Country | DESIGNATION * 


COMPOSITION 


Mca IMPURITIES 


Germany Al 99.99 R 


— Fe + Si + Cu + Zn + Ti: 0.01% max. 


| ALR Mg0.5 | 0.4-0.6% Fe + Si + Cu + Zn + Ti: 0.02% max. 
| AIR Mg! | 0.8-1.2 | Fe + Si + Cu + Zn + Ti: 0.02% max. 
| AIR Mg2 | 1.5-2.5 | Fe + Si + Cu + Zn + Ti: 0.02% max. 
France | A9 — Fe + Si: 0.05% max. 
A9GI1 | 0.8-1.7 Fe + Si: 0.05% max. 
| A9G3 | 2.8-3.8 | Fe + Si: 0.05% max. 
Great Britain | S1 (B.S. 1470) | — Fe + Si + Cu: 0.01% max. 
SP 11 0.5 (nom.) 
| SP12 1.0 (nom.) | 
Italy and 
Switzerland Reflectal 0.5-2.0 
North 
America Luriums 0.4-0.6 
D’Orium* 0.8-1.2 
| | 1.5-2.5 | 


*Trade names of alloys imported from Europe, usually regarded as equivalent to the 


The alloys of the second group have the ad- 
vantage that they are based on the cheaper 
aluminum of: commercial purity, have very 
satisfactory strength, and respond reasonably 
well to brightening and anodizing. According- 
ly, several commercial alloys of this class have 
made their appearance recently. While these 
are not so brilliant as the superpurity alloys, the 
finish has been quite suitable for many applica- 
tions. This favorable experience with alumi- 
num of commercial purity plus 1% magnesium 
as sheet alloys with medium strength led to 
such alloys as AA 5357 and AA 5457*. 

Messrs. Cooke and Spooner in our laboratory 
have recently studied the 1% magnesium alloy, 
based on superpurity and also on commercial 
purity metal, at varying levels of aluminum 
content (99.3, 99.5 and 99.8%). Addition of 
manganese in the range from trace to 0.3% in- 
creases tensile strength and affords some desir- 
able control over grain size; to secure the 
optimum effect the manganese must remain in 
solid solution. 

Al-Mg-Si Alloys — Very closely related to the 
Al-Mg alloys are the well-known medium- 
strength extrusion alloys of the quasi-binary 
Al-Mg.Si system. Because is highly 
soluble in aluminum and can be precipitated in 


*Composition of AA 5357 is 0.12% Si, 0.17 Fe, 
0.07 Cu, 0.15 to 0.45 Mn and 0.8 to 1.2 Mg. Com- 
position of AA 5457 is 0.08% Si, 0.10 Fe, 0.05 to 
0.20 Cu, 0.15 to 0.45 Mn and 0.8 to 1.2 Mg. 
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corresponding German alloys. 


submicroscopic particles, the Al-Mg-Si alloys 
with balanced magnesium-to-silicon ratio re- 
spond to brightening and anodizing in much the 
same way as the Al-Mg alloys. Even if the 
metal contains some slight excess of silicon, a 
clear anodic film may be expected. 

A very logical bright anodizing possibility is 
the well-known commercial extrusion alloy 
Alcan 50S (AA 6063) in which the magnesium 
and silicon are balanced and iron is at a nomi- 
nal 0.25%. While this has good bright anodiz- 
ing characteristics, a variation of the nominal 
composition, wherein iron and silicon have been 
decreased in varying amounts and 0.1% copper 
added, has proved interesting. I. Taylor of our 
laboratories found that if the silicon content of 
Alcan 50 S was dropped from the nominal 0.4% 
to 0.2%, the yield strength decreased but the 
specular reflectivity increased, and that fortu- 
nately artificial rather than natural aging re- 
stored the yield strength with no appreciable 
effect on reflectivity. Bright anodizing alloys of 
this type, known as Alcan C 50S (AA 6463), are 
now available. Improved mechanical proper- 
ties in both sheets and extruded products are in 
prospect, and the possibilities of securing addi- 
tional strength by increasing the magnesium, 
silicon and copper while retaining satisfactory 
reflectivity are being investigated. The addi- 
tion of other alloying elements is a very exten- 
sive area for research of which only a portion 
has been examined. (Continued on p. 168) 
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Staff Report 


High-Temperature Research 
in Europe and Asia 


One afternoon of a California symposium on high-temperature technology 
was devoted to talks by several conferees from overseas. 


They discussed some of the many and various research projects 
being carried on in England, France, Germany, Sweden, 


Norway and Japan. (A9, 2-62) 


Last Ocroser, Stanford Research Insti- 
tute sponsored an International Symposium on 
High-Temperature Metallurgy at Asilomar Con- 
ference Grounds located on the Monterey 
Peninsula in California. One afternoon of the 
conference was spent discussing progress in 
other countries. From England, France, Ger- 
many, the Scandinavian countries, and Japan 
came reports which were concerned with every- 
thing from solar furnaces to new theories for 
sintering reactions. 

For example, a large amount of English re- 
search is on sintering and its effects, according 
to J. White of the University of Sheffield. One 
problem that occupies the attention of English 
metallurgists is, “What is needed for rapid 
sintering?” A number of workers, for instance, 
assume the presence of grain boundaries to be 
essential. They theorize that grain boundaries 
act as sinks at which vacancies are destroyed 
by the continuous removal of atom planes next 
to the boundaries. 

New evidence for this hypothesis has been 
obtained from a study on the elimination of 
pores produced at the interface of copper sheets 
rolled together at 1470°F. On heating at 
1875° F. in dry hydrogen, pores became sphe- 
roidized and their number decreased. Mean- 
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while, the average size of the remaining pores 
increased (showing that some diffusion of 
vacancies between pores was occurring) until 
the space between them was enough to permit 
grain growth across the interface. Very large 
grains were established. Thereafter, only small 
changes in pore size took place during heat 
treatment times which lasted up to 80 hr. 

For comparison some sheet sections (in 
which pores had been spheroidized by short- 
time treatments at 1875° F.) were reduced to 
various degrees by cold rolling and then an- 
nealed for 10 min. at various temperatures. 
In these, pores were eliminated even as low as 
750° F. whenever cold work was enough to 
cause recrystallization (with development of 
a large grain-boundary area) at the annealing 
temperature. At reductions which were in- 
sufficient to produce a large grain-boundary 
area, the pores were unchanged. Although 
cold work would raise the dislocation density, 
no continuous variation of the rate of pore 
removal with degree of cold work was observed. 
From this, the authors conclude that grain 
boundaries are the principal sinks for vacancies 
generated around pores, and that neither twin 
boundaries nor dislocations are strong vacancy 
sinks. 
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In one, the 1650°F. product was 
hot pressed with Al and AIN to 
reduce the B.O;, or with CaO and 
Al.O; to form a “glass”. In the 


Low-Potential 
Arc Discharge 


Cathode 


Isolated Anode 


other, the pure material was hot 
/ pressed with BPO, or “glass” as a 
flux. The product obtained was 


Slit in chemically inert and was not wetted 
Anode for Extraction 


of Negative lons 


Molybdenum 


by soda glass. It had high electrical 
resistance when freed from moisture, 
and was considered promising as a 
crucible material and as a_high- 
temperature insulator. Chief limi- 
tation was its low oxidation temper- 
ature, 1400° F. 

There is still interest in cermets 
despite their lack of resistance to 

thermal and mechanical shock. For 
Supporting 

Rod instance, there is much work on 
metal-ceramic mixtures as fuel ele- 
ments in nuclear reactors. In these, 
the fissile material, which may be 
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of Heavy Slit 
Molecules 


Fig. 1 — Experimental Device to Obtain Nega- 
tive lons of Heavy Molecules. Much research 
on free radicals is being done in Germany 


Much other work in sintering is also going 
on. For example, an interesting practical adap- 
tation of the zone melting technique is being 
used to sinter long rods and tubes of metals 
or ceramics. It involves passing a resistance 
furnace along the part formed from the unfired 
material. With a suitable temperature and 
speed of traverse of the hot zone, impermeable 
ware with high density can be produced to 
close tolerances without cracking. 

Ways to form articles from powders are re- 
ceiving the attention of several workers in the 
high-temperature field. Listed as examples 
by Mr. White are two methods for making 
graphite parts. In one the graphite is impreg- 
nated with furfuryl alcohol containing a suit- 
able catalyst to promote polymerization. Then 
it is heated to 1850° F. to carbonize the alcohol. 
In the other, carbon is deposited in the pores 
of the graphite by pyrolysis of benzene vapor 
in nitrogen at 1400° F. 

Work on the graphitic form of boron nitride 
was also discussed. First BoO; was reduced 
with NH; at 1650° F., Ca;(PO,). being used 
as a filler to prevent complete fusion of the mass. 
After reaction, the filler was leached with HCl 
to give a product containing 80 to 90% BN. 
This could be further purified by re-nitriding 
at 2200° F. with NH; or by heating to 3270° F. 
The latter method gave practically pure nitride. 

Two methods were adopted for fabrication. 
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the oxide or the carbide of the fis- 

sionable element, is dispersed as 
small particles in a metallic matrix. Advan- 
tages claimed are high thermal conductivity and 
thermal shock resistance, and localization of 
fission product damage. Fuel elements of iron 
containing up to 50% of UO, have been ex- 
truded in steel sheaths. 

The fabrication of Al-UO, dispersions (in 
plates) and of PuO.-Th dispersions (by cold 
compacting and sintering) has also been 
described. 

In the refractory field, a major development 
has been the discovery that the nature of the 
bond in chrome-magnesite refractories can be 
modified by the firing treatment. Normally, 
refractories of this type are manufactured from 
a mixture of crushed, graded chrome ore and 
finely ground magnesia. During firing, the 
latter combines with the low-melting magne- 
sium silicates of the chrome ore to form the 
refractory compound forsterite (Mg2SiO,), while 
any lime present reacts to form the fusible sili- 
cate monticillite (CaMgSiO,). Since excess 
magnesia is normally added, the fired brick 
consists of grains of highly refractory chrome 
spinel and periclase bonded together by these 
silicates. Failure of the material under load 
at high temperatures is determined primarily 
by the softening point of the latter. 

Recently, it has been shown that when 
chrome-magnesite bricks are fired to 3100 to 
3270° F., the silicate bond coalesces to form 
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discrete “islands” of silicate and is replaced by 
a magnesia-magnesioferrite bond of higher re- 
fractoriness. The change is accompanied by a 
marked improvement in the tensile strength at 
high temperatures. The most probable ex- 
planation is that the change represents a change 
of the system toward minimum interfacial 
energy between the phases. 


Work in France 


According to F. Trombe and M. Foex (Solar 
Energy Laboratory, Mont Louis, France), a 
lot of high-temperature research is also being 
done by Frenchmen. Solar furnaces take up 
much time and effort. Small (2 kw.) and me- 
dium (75 kw.) furnaces with automatic controls 
are now functioning, while larger furnaces are 
being built. One such furnace, which has a 
parabolic mirror (composed of 6000 small 
mirrors) about 180 ft. in diameter, is expected 
to produce 1000 kw. Its efficiency should be 
much greater than the smaller furnaces now in 
operation, according to Mr. Trombe. 

Another interesting furnace for high-tem- 
perature work does not use refractories. Metal 
radiation shields (of molybdenum or electrolytic 
iron) replace them; such shields have a low 
thermal inertia and can be rapidly degassed 
under vacuum. With tungsten for the resist- 
ance elements, 4200°F. has been reached in 
high vacuum. 

The French are also devoting some of their 
time to producing metals and alloys by electro- 
lyzing molten salts. For instance, 99% zir- 
conium has been made by electrolyzing a bath 
containing ZrCl,, CaCl, and an alkaline chlo- 
ride KCl or NaCl. Different alloys of zirconium 
with beryllium, aluminum, uranium, titanium 
and manganese have also been obtained from 
mixtures of ZrCl, or of KsZrF, with certain 
halogen compounds (of the previous metals, of 
course) in the presence of an alkaline chloride 
at 1560° F. Others have prepared tungsten by 
electrolyzing its minerals in a melt. Alloys of 
germanium-silicon have been produced from 
melts of silicate into which slight quantities of 
germanium oxides were added. 

Other French workers have prepared silicon 
steels by electrolysis of silicates with a molten 
iron cathode. An arc melts the material, and 
electrolysis is then accomplished by direct cur- 
rent. Aluminum-calcium alloys have been pre- 
pared by direct electrolysis of calcium alumi- 
nate. These experiments were conducted in 
an economic study of the feasibility of using 
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inexpensive materials such as blast furnace 
slags or metallic ores. 

Among the many other research projects 
listed in this article, there are two which may 
offer ideas to American workers. They con- 
cern beryllium and aluminum nitride. Beryl- 
lium, for example, has useful nuclear properties, 
but its use has been limited by its lack of work- 
ability. However, ductility can be increased by 
purification, particularly with respect to oxygen 
content. Parts cast of beryllium are not as 
ductile as parts pressed and sintered from beryl- 
lium powder. Apparently, the thin oxide film 
on the surface of sintered particles inhibits 
crystal growth which seems to occur in cast 
material. 

As for aluminum nitride, a way has been 
found to fabricate parts from this extremely 
refractory substance. A mixture of aluminum 
and aluminum nitride is exposed to nitrogen 
at high temperatures. The resulting material is 
reported to be homogeneous, compact, and 
highly resistant chemically. It is hoped that 
this material can be used for melting glass or 
aluminum in an oxidizing atmosphere. 


Germany Makes Contributions 


Research activity carried out by Germans was 
the topic of a report by Walter Lochte-Holt- 
greven of the Institute for Experimental Physics 
at Kiel, Germany. Judging from his talk, there 
is little occurring in German high-temperature 
research that would interest metallurgists. 
Most of the work is concerned with the electric 
arc, shock tube research, and various types of 
electric discharges. Electric arcs are used to 
produce chemical reactions (for organic analy- 
sis, as an example), or to separate elements or 
even isotopes of the same element. Some re- 
search on free radicals is done with shock tubes. 
An extreme example of this was the production 
of “pure sunlight”! How is this possible? Well, 
the light emitted by the sun is due solely to 
attachment of electrons to neutral hydrogen 
atoms. Conditions for this are extremely favor- 
able at the sun’s surface where the hydrogen 
molecules are completely dissociated, and many 
electrons are set free from elements with low 
ionization energy. These conditions have been 
very well approached at Kiel, where true sun- 
light was produced in a hydrogen-filled shock 
tube. The light was 50 times stronger than that 
from any other continuous radiation from the 
same source. 

Negative ions of large molecules are being 
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investigated. Because these molecules are 
rather sensitive to impact, electrons must be 
added as gently as possible. This can be done 
in a highly condensed plasma obtained from a 
low potential arc, into which the large mole- 
cules are introduced slowly. The condensed 
plasma is obtained by magnetic compression 
inside a diaphragm. The negative ions are 
drawn out of the plasma by electric fields, and 
immediately investigated by mass analysis. 
Figure | illustrates the process. This method 
of mass analysis of negative ions may become of 
the greatest importance to the chemical analyst 
because individual masses can be analyzed from 
molecules which cannot be separated by chem- 
ical methods. 


Progress in Scandinavia 

The report by H. Flood (Institute of Silicate 
Science, Norwegian Institute of Technology, 
Trondheim, Norway) indicated that research 


corresponded fairly well to the economic inter- 
ests in the four Northern countries, Denmark, 


Fig. 2—Pressure Vessel for Melting Carbon. 
Small specimens of carbon can be melted by 
moderate voltages and amperages if the pressure 
is high enough. This work is performed in Japan 
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Sweden, Norway and Finland. Denmark, for 
instance, has an old porcelain industry of inter- 
national repute. This is also true of Finland, 
though that country has metallurgical interests 
as well. Her copper ores are a good example. 
Sweden, of course, has had a strong metallurgi- 
cal position for many years. Large reserves of 
rich iron ore helped to make her a leading pro- 
ducer of sponge iron, and she produces copper, 
gold and several other metals as well. Sweden 
is also known for her glass, porcelain, and earth- 
enware. In Norway, most work has been 
planned to make use of the vast reserves of 
hydro-electric power. As a consequence, Nor- 
way has become a leading producer of alumi- 
num and ferro-alloys. 

Since research generally follows the industrial 
pattern of each country, each national technical 
school differs in the training it offers and the 
projects it conducts. Consider Denmark, for 
instance. Because her metallurgical resources 
are nil, her metallurgical research is the same. 
Virtually all work is devoted to ceramics. Fin- 
land is in much the same position, and little is 
being done there, metallurgically speaking. As 
a consequence, Mr. Flood’s talk was concerned 
mainly with research in Sweden and Norway. 

As mentioned before, Sweden has a very 
strong position in metallurgy. The many con- 
tributions which have been made by Swedish 
researchers reflect this position. Typical of 
these is “Super Kanthal”, a heating element 
material which can be used up to 3000° F. 
Developed by the Kanthal works in Hallstaham- 
mer, Sweden, this alloy is reported to be quite 
a sensation in laboratories that are concerned 
with high-temperature work. 

The work of such Swedish metallurgists as 
Kalling, Rennerfeld, and Wiberg in the devel- 
opment of sponge processes is internationally 
known. This work is still going on. For exam- 
ple, at the Kungliga Tekniska Hégskolan ( Royal 
Institute of Technology) in Stockholm, Wiberg 
and his fellow metallurgists continue their stud- 
ies on sponge iron. Other current investi- 
gations taking place there include 
studies of the reduction of iron 
oxides. Workers have found that 
Fe;O, (magnetite) is reduced more 
slowly than Fe.O;. Therefore, they 
feel that reduction velocity may be 
improved by a preliminary oxidation 
of the magnetite. The Swedes are 
also doing much high-temperature 

(Continued on page 174) 
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Welding a Pressure Vessel 
for a Canadian Test Reactor 


By A. M. BAIN, 
A. H. CLARK 
and M. J. LAVIGNE* 


Fabrication of a pressure tank from Type 347 stainless steel 

posed a serious welding problem because of the thick section required. 
Welding was done in such a way as to expose Type 347 stainless 

— either as a weld or backing bar — to the interior of the tank, 

where corrosion resistance is important, and backing this with Type 307 
+ 1% Mo which has better hot ductility. (K1, T26q; SS) 


A svccessruL TECHNIQUE for welding 
heavy sections of Type 347 stainless steel has 
been developed by the Canadian Westinghouse 
Co. Ltd., Hamilton, Ont., and the Dominion 


Bridge Co, Ltd. of Montreal, Quebec. The 
technique was employed during fabrication of 
a test loop surge tank for the experimental 
NRU reactor at Chalk River, Ont. (see Metal 
Progress, January 1959, p. 90). 

Tapped into the reactor pile, the test loop 
(Fig. 1) permits study of radiation effects on 
fuel elements, reactor construction materials, 
and fuel coolants under conditions of high 
neutron flux, temperature, and pressure. 

This article discusses the problems encoun- 
tered in designing and fabricating the surge 
tank of the test loop. Function of the tank, 
which is shown in Fig. 2, is to (a) pressurize the 
system at 2400 psi. to prevent boiling of the 
liquid within the loop at operating tempera- 

*Mr. Bain is chief engineer, Platework Div., Do- 
minion Bridge Co. Ltd., Montreal, Quebec. Mr. 
Clark was formerly design engineer, Atomic Ener- 
gy Div., and Dr. Lavigne is manager, mechanical- 
metallurgical section, Research and Development 


Laboratories, Canadian Westinghouse Co. Ltd., 
Hamilton, Ont. 
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ture (up to 630° F.), (b) permit thermal expan- 
sion and contraction of the loop coolant 
throughout the temperature range without the 
necessity of make-up or bleed systems, (c) ab- 
sorb pressure surges that may occur during 
operation of the loop, and (d) provide a suitable 
method of boiling off and collecting gases pro- 
duced within the loop during operations. 
Requirements of the A.S.M.E. Unfired Pres- 
sure Vessel Code and the Ontario Boiler and 
Pressure Vessel Act governed design, selection 
of material, fabrication, and testing of the tank. 


Type 347 Stainless Chosen 


The corrosive conditions under which the 
vessel is to operate dictated the use of either 
stainless clad carbon steel or the 300 series 
stainless steel plate. Clad plate was ruled out 
because of the difficulty of making a satisfac- 
tory closing weld joint from outside the vessel. 
It would also have made the large number of 
nozzle attachments difficult to fabricate if con- 
tinuity of the stainless steel surface in contact 
with the loop fluid were to be maintained. 
Because of its high strength and corrosion re- 
sistance under operating conditions, Type 347 
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Fig. 1 — Schematic Dia- 
gram of the Loop of 
the Nuclear Reactor at 
Chalk River, Ont. The 
system, used in the study 
of radiation effects on 
fuel elements and _tre- 
actor materials, is de- 
signed for operation up 
to 630° F. at 2400 psi. 
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stainless steel* stabilized with columbium but 
with a limitation on tantalum content was 
chosen. The vessel was fabricated from 3-in. 
thick plate formed into a shell (26 in. 1.D.) with 
a single longitudinal welded joint. Each end 
was closed with a dished head welded into 
place. Although welding may alter the cor- 
rosion resistance of Typé 347, it was believed 
that this problem would be easier to overcome 
than that of heat treating an unstabilized grade 
of stainless steel after fabrication. 

So that a welding technique could be speci- 
fied with confidence, we initiated a program 
to determine the welding characteristics of 
thick plates of Type 347 stainless. 


Two Electrode Compositions Used 


The choice of welding electrodes was gov- 
erned by two considerations other than me- 
chanical properties. First, corrosion resistance 
of the weld metal in contact with the vessel's 


*Composition: 18.52% Cr, 11.56 Ni, 0.062 C, 
1.54 Mn, 0.024 P, 0.018 S, 0.55 Si, 0.71 Cb, 
0.06 Ta. 


Fig. 2— Surge Tank After Fabrication. Made 
from Type 347 stainless steel, 3 in. thick, the 
tank contains three welded joints—a longi- 
tudinal seam running the length of the cylinder 
part of the tank, and two dimmer welds 
joining the heads to the ends of the shell 
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contents must approximate that of the plate 
material. Second, brittleness of the weld metal 
at high temperatures should be minimized to 
reduce the risk of hot cracking. We planned 
to meet these needs by using the corrosion re- 
sistant Type 347 rod only for the inner ¥% in. 
of deposited metal where the restraint against 
shrinkage is less than that of subsequent layers 
and where corrosion resistance equal to that 
of the parent metal is required. The remainder 
of the groove not exposed to the contents of 
the tank would be filled with Type 307 + 1% 
Mo rod. According to Heuschkel (Welding 
Journal, December 1956), this weld metal has 
better ductility (and less corrosion resistance) 
than Type 347 at elevated temperatures. The 
striking difference in the hot shortness of the 
two alloys is shown in Fig. 3. 


Weld Groove Design 


Preliminary tests indicated that the double-V 
groove, with its smaller component on the in- 
side of the vessel, would make the best weld 
for the shell’s longitudinal joint. The joint form 
(Fig. 4) permits the use of different types of 
weld filler metal — E-347 at the inside surface 
of the tank, backed up with E-307 + 1% Mo. 

Design of the circumferential joints between 
each dished head and the shell was governed 
by the fact that once the second head was 
attached there would be no access to the inside 
of the vessel for welding. At least one of these 
joints must have all the welding done from the 
outside. Thus, an internal backing bar which 
would insure complete fusion and a relatively 
smooth inner surface to prevent adherence to 
radioactive particles during service would be 
required. 

The backing strip form adopted for both cir- 
cumferential joints (Fig. 5), known as E.B. 
backing, was developed by Electric Boat Co. 

It was thought advisable to determine the 
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Fig. 3— Effect of Tem- 
perature on Ductility of 
Type 347 and 307 + 1% 
Mo Stainless Steels. Al- 
though more corrosion 
resistant than 307 + 1% 
Mo, Type 347 is sus- 
ceptible to hot cracking 


quality of the weld produced by the proposed 
technique. The scope of the investigation 
covered ultrasonic and radiographic tests of 
welded samples, macro and micro-examination 
of the same samples under various metallurgi- 
cal conditions, a short study of the alpha-to- 
sigma phase transformation in the Type 307 + 
1% Mo weld metal, and the effects of combined 
temperature and stress cycling of the Type 
807 + 1% Mo weld metal. 

For this purpose two strips 24 x 3 x 3 in. of 
the Type 347 stainless steel plate to be used in 
the fabrication of the vessel were welded to- 
gether by the fabricator, Dominion Bridge Co. 
Ltd. The procedure proposed for welding the 
heads to the shell, described in Table I, was 
used. The steel plates were supplied to the 
fabricator in the annealed and pickled condi- 
tion. Table II shows the chemical composition 
of the electrodes. 

Ultrasonic, radiographic and macrographic 
examinations indicated that the test welds con- 


Fig. 4 — Cross Section of the Longitudinal Joint 
of the Surge Tank. E-347 low-tantalum elec- 
trodes were used on the inside surface of the 
tank where resistance to corrosion is important. 
Remainder of the joint was filled with Type 
307 + 1% Mo because it has better hot ductility 
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Fig. 5 — Circumferential 
Joint Between Each Head 
and the Shell. Backing 
bar exposes a relatively 
smooth surface on the side 
of the tank thus avoiding 
pickup of radioactive 
particles. “Buttering” with 
E-347 electrodes before 
machining the backing bar 
joint provides metal con- 
taining about 5% fer- 
rite which minimizes the 
chance of crack formation 
at the joint during welding 


tained only a few small slag inclusions of minor 
importance, but no cracks. Microstructures of 
the weld metals showed no sigma phase, but 
the study of ferrite decomposition in Type 307 
+ 1% Mo revealed that sigma formed in a few 
minutes at 1400 and 1500° F. For this reason — 
and to avoid cracking the Type 347 steel. which 
is sometimes brittle when heated to 2450° F. 
and cooled through both 2450 and 1800° F. —it 
appeared advisable to cool each bead rapidly 
during welding by maintaining an interpass 
temperature of less than 100° F. Cycling tests 
made on the stress-relieved sample by heating 
it between 200 and 700° F., while simultane- 
ously applying stress between 0 and 14,800 psi., 
didn’t change the microstructure or produce 
cracks in the Type 307 + 1% Mo weld metal. 

The dished heads were hot formed from 
42-in. diameter blanks. These were heated to 
2100° F. and partially formed at a temperature 
in excess of 1800°F. This temperature limita- 
tion is required because of the hot shortness of 
Type 347 stainless. Final shaping of the par- 
tially formed head, reheated to 2100° F., was 
completed in the same die, again above 1800° F. 
The head was then immediately returned to the 
furnace — now at 1950° F. — and held for 3 hr. 
Finally it was put back into the cold die and 
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five intermediate heat treatments to eliminate 
cold working effects of the forming process. 
Since there was only one longitudinal seam, the 
later stages of the forming were done by apply- 
ing the load from the press to the die through 
a special blade, thus permitting the shell to be 
formed to an almost complete circle. The open 
edges were then squeezed to within % in. of 
each other. Intermediate heat treatments con- 
sisted of heating to 1000 to 1150° F., holding 


Table I — Welding Procedure for Circumferential 
Joints* 


Beap No. | ELecrropet CuRRENT VOLTAGE 


1 (backing- | 3/32 in. 
bar fusion thoriated 
weld) tungsten 
2+ 3 | 1/8 in. 
| Type 347 
4+5 | 5/32 in. | 
Type 347 
3/16 in. 150t0170 
Type 347 | 
| 


90 to 110 amp. | 14 to 18 


90 to 110 


125 to 145 


6,7+8 


9 to 80 3/16 in. 150 to 170 

incl. | Type 307 
+1% 

Mo | 


* Base metal: Type 347 stainless steel, 3 in. thick. 


tShielded with argon (15 cu.ft. per hr.) during weld- 
ing. In addition, the backing bar was protected during 
fusion and the next two passes by argon on the inside 
surface of the tank. 


held there until black to simulate a quench. 
The shell was cold formed in the 2500-ton 
press. Forming was done in nine steps with 


Table II — Chemical Composition of Electrodes 


ELECTRODE P S 5 Cr Ni | Cx | Mo 


20.25 | 9.52 | 0.65 | — 

20.35 | 9.73 | 0.87 | — 

20.63 | 10.01 | 0.84 | — 


Type 347 (1/8 in. diameter) é 0.03 - 
Type 347 (5/32 in.) . : 0.021 | 0.015 
Type 347 (3/16 in.) 0.030 | 0.022 | 
Type 307 +1% Mo (3/16 in.) 0.027; — | 


1.04 


19.75 | 9.53 
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Fig. 6 — Machining the Outer 20° V 
Groove of the Longitudinal Seam of the 
Shell. Inner V has been filled with Type 
347 and 307 + 1% Mo weld layers 


for 3 hr. as a thermal stress-relief, then heating 
to 1700 to 1750° F., holding for 3 hr. and then 
water quenching. 

The metallic are welding sequences for the 
longitudinal joint were performed manually 
and consisted of filling the 60° V on the inside 
of the joint to within 4 in. of the inside surface 
using Type 307 + 1% Mo electrodes. Dye 
penetrant checks were made after the first root 
pass and at weld depths of 3% and 34 in. The 
inside groove was then completed using Type 
347 rod. At this stage, the 20° outside groove 
was machined to sound metal (Fig. 6), checked 
radiographically, and welded up with the Type 
307 + 1% Mo electrode. This weld was 
checked with a dye penetrant at 14-in. intervals 
and radiographed again when the groove was 
half filled and at full depth. Any detectable 
discontinuities were repaired and re-examined 
after each successive examination. When com- 
pleted, the cylinder was again heat treated by 
bringing it to 1000 to 1150° F., holding for 3 
hr., then heating to 1950 to 2050° F. and hold- 
ing for 3 hr., followed by a water quench. It 
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was then descaled and rounded up in the 2500- 
ton press. 

Prior to machining the grooves for the cir- 
cumferential joints, 34-in. bevels at 45° were 
chipped at the inside corners of both heads and 
shell. Corners were then rebuilt (buttered) 
with Type 347 weld layers. This provided 
metal with about 5% ferrite to insure that no 
cracking would occur in the heat-affected zone 
of the base metal during welding of the E.B. 
backing bar in the groove. Weld metal con- 
taining ferrite is less subject to hot cracking 
than the truly austenitic plate. Head flanges 
and their corresponding shell ends were then 
machined so that the E.B. backing bar would fit 
perfectly. Details of the buttered edges, the 
E.B. backing, and the machined grooves are 
shown in Fig. 5. 

The first head was assembled to the shell 
with its backing bar as though there were no 
means of access to the inside of the vessel to 
make sure that the procedure and fit-up would 
be satisfactory for the second head. A sharp 
pointed 2% thoriated tungsten electrode, 1/16 
in. in diameter, was used to fuse the backing 
bar in place. Argon, introduced through a per- 
forated diaphragm installed within the vessel 
just to the shell side of the joint, protected the 
root face of the backing ring during fusion. 
This arrangement served to retain the gas at 
the first head joint without a disruptive positive 
flow. The root passes were checked with a 
dye penetrant, and radiographed and repaired 
where necessary. Next step in joining the head 
to the shell consisted of filling the first %4 in. of 
groove depth by metallic arc welding, using 
Type 347 coated electrodes. The remainder of 
the groove was filled with Type 307 + 1% Mo. 
Frequent dye penetrant and_ radiographic 
checks between weld passes permitted close 
quality control. 

Before attaching the second head, fitting and 
opening reinforcements in the shell were 
welded in place. The shell was braced to pre- 
vent distortion of its open end. Welding the 
second head to the shell was accomplished in 
the same manner as the first except that the 
entire vessel was filled with argon to protect the 
root of the backing ring. 

The entire vessel with all pipe connections 
was stress-relieved at 900 to 950° F. for 26 hr. 
followed by air cooling. Extensive checking by 
dye penetrants, ultrasonics, radiography, hydro- 
static pressure (4800 psi.) and helium gas (10 
psi.) revealed no defects. S 
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steel dome. Largest of its kind in 
the world, the dome will protect 


All-weather auditorium in Pittsburgh 
will be covered by a 415-foot 


RE 


diameter Nickel-containing stainless 


an audience of more than 13,000. 


“Push-button umbrella roof” of stainless steel 
gives Pittsburgh a new all-weather auditorium 


Watching a play or listening to 
music under the stars heightens the 
enjoyment. That is, until a passing 
shower comes along to wash out the 
fun. But now comes a new idea in 
auditoriums. In this one, an 
umbrella roof of Nickel-containing 
stainless steel will close at the first 
drops of rain—and on with the show. 

It’s a simple concept, but a daring 
one. Eight huge sections nest to- 
gether when the dome is open. Push 
a button, and six of these sections 
glide quietly together around an 
outside track. 


They looked into all sorts of 
sheathing materials in designing the 
dome before choosing stainless — a 
Nickel-containing stainless steel. 


For stainless with Nickel in it is 
one of the most weatherproof metals 
there is. It is corrosion-resisting all 
the way through — in salt air as well 
as industrial atmospheres. What’s 
more, it’s virtually self-cleaning — 
rainfall alone keeps this metal clean. 


No wonder you see Nickel-con- 
taining stainless wherever strength, 
long life and handsome appearance 


are called for! Not only in buildings 
— inside and out — but everywhere 
you look, ‘ 


Suggest something to you? Can 
stainless help you solve a problem 
involving corrosion, stress, appear- 
ance, temperature extrernes? The 
way to find out is to write us. We'll 
see if Nickel-containing stainless 
steel — or some other nickel alloy — 
may be just what you're looking for. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street ater, New York 5,N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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HIGH TEMPERATURE ALLOYS 
YOU CAN WELD OR BRAZE LIKE STAINLESS 


In addition to their high strength characteristics, AM 350 
and AM 355, A-L’s precipitation hardening stainless steels, 
have other advantages for designers of missiles and super- 
sonic aircraft. 

When welding AM 350 and AM 355, there is little or no 
tendency to hot cracking or poor weld ductility, even in 
heavy sections. Both alloys weld as easily as the common 
stainless steels, even in the completely heat-treated condi- 
tion. Brazability is equally easy—no special surface prepara- 
tion is required during brazing operations. 

Due to the high ductility in the annealed condition both 
alloys lend themselves to various kinds of fabrication—they 
can be spun, machined or formed using normal procedures. 


ALLEGHENY 


In the heat-treated conditions, AM 350 and AM 355 have 
remarkable strength-to-weight ratio at both room and ele- 
vated temperatures, retaining useful strength and ductility 
up to 1000 F. 

AM 350 is available commercially in sheet, strip, foil, 
small bars and wire. AM 355, best suited for heavier sec- 
tions, is available commercially in forgings, forging billets, 
plates, bars, wire, sheet and strip. 

For further information, see your A-L sales engineer or 
write for the new technical booklet, “AM 350 and AM 355.” 
Allegheny Ludlum Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. ao 
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EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 


JANUARY 1960 


qi: 
ea Experience—the added alloy in Allegheny Stainless 
CC 
: — — 
100-C 


Bausch & Lomb 


METALLURGICA 
EQUIPMENT 


Winner of 


more ASM awards, «} 


year after year, 
than all other 


makes ‘ 


combined! 


Industry’s most complete line of 


metallographs, spectrographs, microscopes, 


and high and low power cameras. Write for 


data, specifications, demonstration. 
Bausch & Lomb Optical Co., 63801 Bausch St. 
Rochester 2, N. Y. 
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Electropolishing 


of Columbium and Tantalum 


By O. J. KRUDTAA and K. STOKLAND* 


Electropolishing in a solution containing hydrofluoric acid 
proves best for preparing columbium and tantalum specimens 
for microhardness measurements. (M20p; Cb, Ta) 


Ix MICROHARDNESS of pol- 
ished specimens of columbium, the values ob- 
tained seemed to depend on the nature of the 
polishing process. Mechanical polishing, by 
using alumina or diamond paste in alcohol, for 
example, gives an undesirable work hardening 
effect. It was, therefore, found necessary to 
polish by an electrolytic method. Since colum- 
bium and tantalum show a similar chemical be- 
havior, experiments were also performed on the 
latter. 

A few investigations on electrolytic (anodic ) 
polishing of columbium and tantalum are 
recorded in the literature. Cottin and Haissin- 
skyt reported good results for columbium with 
an electrolyte containing hydrofluoric and nitric 
acids. An electrochemical process for polishing 
tantalum for commercial purposes has been 
patented by Gall and Miller (U.S. Patent No. 
2,466,095) and by Jenny (U.S. Patent No. 2,742,- 
416). The latter technique employs an elec- 


*Respectively, metallurgical engineer and head, 
Dept. of Inorganic Chemistry, Central Institute for 
Industrial Research, Blindern, Oslo, Norway. This 
work was sponsored in part by the Wright Air De- 
velopment Center of the Air Research and Develop- 
ment Command, USAF, through its European Of- 
fice under contract No. AF 61(052)-90: Oxidation 
of Niobium. 

tSee Journal Chimie Physique, Vol. 47, 1950, p. 
731. 
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trolyte containing a relatively small proportion 
of hydrofluoric acid together with a large 
amount of hydrochloric or sulphuric acid. 

For our work, metal specimens were taken 
from pure columbium strip (99.97% Cb), 5 mm. 
thick, as received, and 0.l-mm. sheets, rolled 
from pure tantalum wire (99.9% Ta). After 
rolling, the tantalum specimens were heat 
treated in vacuum (0.0001 mm. of Hg) at 
2100° F. for 1 hr. to recrystallize the grains. In 
the experiments the specimens were always the 
anode, the cathode being made of platinum. 

Most of the tests were carried out at three 
current densities, various voltages and with 
three rates of electrolyte circulation. The ap- 
paratus used was a DISA-Electropol, made by 
H. Struers Chemiske Laboratorium, Copen- 
hagen (available in the United States at William 
J. Hacker & Co., Inc., P. O. Box 646, West 
Caldwell, N.J.). 


Preliminary Tests 


All the electrolytes which have been success- 
fully used contain hydrofluoric acid. However, 
in some of our preliminary experiments, a num- 
ber of other acids were tried. These were 
sulphuric, phosphoric, nitric, and citric acids in 
water or methanol, either alone or together. To 
some of the solutions small amounts of am- 
monium sulphate or an inhibitor (Dr. Vogel’s 
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Recommended Electropolishing Techniques for Columbium and Tantalum 


Electrolyte I — Columbium 
Composition: 
Nitric acid (sp.gr. 1.4) 
Hydrofluoric acid (sp.gr. 1.16) 


170 ml. 
50 ml. 


Citric acid 5 g. 
510 ml. 


Methanol 

Polishing time: 40 sec. 

Current density: 5 amp. per sq.cm. 

Velocity of electrolyte: 5 to 6* (that is, 16 
to 18 cm. liquid column ) 

Etch in electrolyte at low circulation rate 
with no current for 2 to 3 min. 


Electrolyte Il — Tantalum 
Composition: 
Nitric acid (sp.gr. 1.4) 
Hydrofluoric acid (sp.gr. 1.16) 
Ammonium fluoride 
Methanol 
Polishing time: 40 sec. to 2 min. 
Current density: 3.5 amp. per sq.cm. 
Velocity of electrolyte: 6 to 7* (that is, 15 
to 20 cm. liquid column ) 
Etch in electrolyte at low circulation rate 
with no current for 2 to 3 min. 


Sparbeize) were added. Some experiments 
were also carried out with a sodium hydroxide 
solution as the electrolyte. 

Electropolishing in solutions which contained 
no hydrofluoric acid proved unsuccessful. Dur- 
ing electrolysis, a solid gray to black layer 
formed on the anode. It could not be removed 
at any current density within the range investi- 
gated (3 to 6 amp. per sq.cm.). 

The high voltages needed (100 to 150 volts) 
to obtain the higher current densities indicated 
high electrical resistance in the layers formed on 
the anodes. Sparking also occurred and a white 
fume was evolved. The pronounced passivat- 
ing effect (“valve effect”) obtained on the 
columbium and tantalum anodes has also been 
reported by other investigators. 

In view of the negative results, electrolytes 
based on hydrofluoric and nitric acids were 


*Refers to the adjustment which controls the 
opening of the circulating pump outlet of the DISA- 
Electropol apparatus. Best polishing results were 
obtained with an aperture plate opening of 7 mm. 
diameter. Liquid column is height to which elec- 
trolyte rises in a glass tube placed vertically over 
the aperture plate opening. 
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tried. Some contained small amounts of am- 
monium fluoride or the above-mentioned in- 
hibitor. As before, both water and methanol 
were used as solvents. 

The polishing effect and quality obtained 
with these solutions were much better than with 
those tried at first, and the best of them gave 
entirely satisfactory results. Addition of am- 
monium fluoride proved beneficial in polishing 
tantalum, but had no effect on columbium. To 
obtain as satisfactory results as possible, a 
series of experiments was carried out in which 
electrolyte composition, current density and 
circulation rate were varied. The optimum 
electropolishing techniques given above were 
found to be most suitable. 

Both metals can be etched by circulating the 
electrolyte for 2 to 3 min. at a reduced rate with 
the voltage shut off. This etching method gives 
a clean surface with sharp grain boundaries. 


Pores Cause Uneven Surface 


Mechanical and electrolytic polishing re- 
vealed pores on the polished surfaces of both 
metals, though more pronounced on the colum- 
bium than on the tantalum specimens. They 
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Fig. 1—Columbium Electropolished Under Con- 
ditions Given on Page 102. Uneven surface 
of porous compacted and sintered metal prob- 
ably results from highly localized variations 
in current density as metal is removed and pores 
are opened up. 150 x, oblique illumination 
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Fig. 2— Tantalum Electropolished With Electro- 
lyte II (See Page 102) at 3 Amp. Per Sq.Cm. 
Spots are apparently the residue of a film pro- 
duced during electropolishing at current densities 
below the optimum (3.5 amp. per sq.cm.). 150 x 


are apparently not caused by the polishing, but 
instead originate as a result of the method of 
production of the strip and wire used for pre- 
paring the sheet specimens. The usual way of 
producing columbium and tantalum is by com- 
pacting and sintering metal powders. This 
process leaves pores in the ingots. 

In the experiments on electrolytic polishing, 
the pores seemed to become larger at current 
densities at or above that which resulted in the 
smoothest surfaces. Lower current densities 
gave smaller pore sizes, but the metal surface 
then became uneven and the appearance was 
rougher. In this condition specimens are satis- 
factory for ordinary microscopic examination, 
but not for microhardness measurements. 

An attempt to explain the enlarged pores has 
led to the following hypothesis. The greater 
current density on protrusions of the anode sur- 
face results in the more rapid solution of such 
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points. Thus, electrolytic polishing should 
gradually lead to a more even and smoother 
surface. However, where there is a pore be- 
neath the surface, the etching rate will be de- 
pendent on the metal thickness over the pore. 
As this thickness is diminished, the electrical 
resistance increases, and metal removal at this 
point is slower compared with the surrounding 
area. Owing to the slower polishing rate, a 
smaller protrusion develops here. This process 
continues until the thin metal layer over the 
pore is polished through. When this has hap- 
pened, the pore is filled by the electrolyte, and 
the edges of the pore will now play the role of 
protruding points and as such are exposed to 
higher current densities. The higher polishing 
rate widens the pore to an extent which is de- 
pendent on the current density. 

This hypothesis may also explain the small 
spherical protrusions which are often developed 
on the metal surface during electropolishing 
(Fig. 1). 


Surface Film 


Another difficulty sometimes encountered 
during polishing is the formation of tiny black 
spots. In some experiments, they were concen- 
trated to the center of the polished area, and 
clusters were sometimes visible to the naked 
eye. Examples of such areas are shown in 
Fig. 2. The spots at first seemed to have a 
relation to the pores already discussed, but later 
observations have led to the conclusion that 
they must be the remainder of a film produced 
on the metal surface during polishing when un- 
suitable current densities are used. 

The polishing electrolyte for columbium has 
also been tried for anodic cleaning and bright- 
ening of specimens 0.1 mm. thick. With in- 
creasing current densities up to 1 amp. per 
sq.cm., an increasingly cleaner and brighter 
surface was observed. During electrolysis, a 
vigorous evolution of gas took place, and at the 
higher current densities a relatively thick, jelly- 
like film developed on the anode. Simulta- 
neously the metal became brittle, though the 
brittleness seemed to be less pronounced at the 
higher current densities. This finding suggests 
that the thicker specimens used for polishing 
experiments might also have been embrittled, 
at least superficially. However, X-ray diffrac- 
tion studies indicated that these samples were 
not oxidized as were the thin (0.1 mm.) brittle 
specimens which were used in the anodic clean- 
ing and brightening investigation. S$ 
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From 1947 to 1955, research on powder 
metallurgy at the United Kingdom Atomic 
Energy Research Establishment at Harwell was 
concerned with the fabrication of nuclear fuels 
and other materials for atomic energy purposes. 
During this period some work on cold compact- 
ing was done, but most of the work was devoted 
to improving techniques for hot pressing in a 
vacuum or protective atmosphere. Better heat 
resistant materials were used for dies and 
plungers. Also, duplex die molds were designed 
and built to take advantage of particular prop- 
erties of certain materials, such as the toughness 
of precipitation hardened nickel-chromium 
alloys, and the hardness and creep resistance of 
cobalt-base alloys and the complex cemented 
carbides. 

High-density materials and complex multi- 
layer components (such as fuel elements) had to 
be fabricated by isotropic compacting. Flat 
plates, possibly of variable contour, were com- 
pacted or rolled within deformable frames. 
This method was also used for applying rela- 
tively high compacting pressures, beyond the 
limit of a simple die and plunger arrangement. 
Die assemblies were usually heated by radia- 
tion from electric elements (made of nickel- 
ehromium or platinum-rhodium) which  sur- 
rounded the parts. Alternatively, the powder 
mass was heated after partial consolidation by 
passing a heavy electric current through it. 

Experiments in cold compacting were carried 
out very early in the program. The aim was to 
produce articles of complicated shape and high 
density, such as finned beryllium tubes for 


*Johannesburg, Union of South Africa; sometime 
powder metallurgist, U. K. Atomic Energy Re- 
search Establishment, Harwell, England. 
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Techniques for hot pressing beryllium and cermet powders are described. 
High pressures and temperatures are both necessary, 
and steel sheathing is often needed for larger parts. (H14h; Be, 6-70) 


Hot Pressing Powders in England 


By ALAN BLAINEY* 


cladding fuel elements, spheres for radioisotope 
sources, refractory metal crucibles, and the like. 
Isotropic compacting was used to attain a rea- 
sonable density distribution in the compact. 
Pressure was transmitted through either a 
plastic organic material, such as wax or poly- 
vinyl chloride mixtures, or a soft metal such as 
sodium or lead. Cavities for the powder were 
somewhat larger in all dimensions to allow for 
reduction in volume on compacting. The parts 
were contained in a conventional type of die 
having a cylindrical cavity fitted with one or 
two plungers which applied axial pressure. 
Plastic materials were shaped by casting into 
dies around a suitable pattern. After casting, 
the parts were trimmed with a sharp knife. 
Sodium was melted, cast, and shaped under oil; 
other materials needed no special protection. 

In compacting finned tubes and other hollow 
articles, cores of plastic material assisted in 
obtaining the maximum density in the com- 
pacted powder mass. This method was ex- 
tended to the fabrication of components with 
narrow internal channels. The plastic material 
used for transmitting pressure in such channels 
was nonresilient—wax mixtures, sodium or lead 
being used. Resilient materials, such as poly- 
vinyl chloride compositions, produced cracks in 
certain components, especially in thin-walled 
sections, due to “spring back” on release of 
pressure. 

When using metallic sodium to transmit 
pressure, care is required. Die assemblies must 
be designed to prevent the soft metal being 
squirted out of the clearance between die and 
plungers. If this occurs, sodium usually ignites; 
in any case, it endangers workers. Die-plunger 
clearance must be kept to a minimum (less than 
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preferably 20,000 to 30,000 psi. This ruled out 
graphite dies because gases evolved from the 
hot graphite contaminated the compact on 
heating. Nimonic 75 was originally chosen as 
the die material, and Nimonic 80 for plungers.* 
Later Nimonic 80 was used for dies as well. 
Parts were heated with an external “squirrel- 
cage” type of nichrome element, wound on end 
supports covered with steatite beads, to avoid 
using porous refractory so that the heaters could 
be used also in a vacuum. The die set was 
designed originally to allow a stream of argon 
to be passed through the powder mass to pro- 
vide a protective atmosphere during heating 
and compacting, as shown in 
the furnace assembly in Fig. 1. 
A vacuum compacting assem- 
bly was also constructed so that 
entrapped and adsorbed gases 
could be removed from the 


Gy 


Fig. 1— Furnace Assembly for Hot Pressing 
in Argon. It is made up of a base (A), a die 
base, mold, and plunger (B, C, and D), a 
heating element (E), and a supply tube for 
argon (F). High temperatures and pressures 
are needed to compress beryllium powder (G) 


0.001 in.). A light coating of colloidal graphite 
is also applied to the components before assem- 
bly to help seal the gap and to reduce friction. 

There are many problems in sintering beryl- 
lium powder. Beryllium components such as 
fuel element sheaths must be absolutely im- 
pervious to gases and fission products. Despite 
a great deal of work on the sintering of beryl- 
lium at temperatures up to 1250° C. (2300° F.) 
in vacuum or argon atmosphere, it was not 
possible to obtain fine-grained metal free from 
porosity. Furthermore, suitable end seals could 
not be formed because known methods of seal- 
ing by welding or brazing were not satisfactory. 
In welding, there is considerable grain growth, 
and the metal may crack and distort. Brazing 
introduces neutron absorbers, thus offsetting 
one of the principal advantages of beryllium. 
Therefore an alternative method involving hot 
compacting at 750 to 850° C. (1400 to 1550° F.) 
up to 35,000 psi. was tried. 


Hot Pressing Beryllium Powder 


To produce metal of practically zero porosity 
(suitable for nuclear fuel cladding), it was de- 
cided to use pressures of at least 10,000 psi., and 
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powder mass during heating 
prior to compacting. In this in- 
stance, the heating element was 
run with a low voltage to avoid flashover. 

Experiments subsequently carried out showed 
that the properties of the hot compacted beryl- 
lium were not markedly influenced by pressing 
ina vacuum. Since the method was found to be 
rather cumbersome, it was abandoned in favor 
of a protective atmosphere. At first, argon was 
used, but it was not essential. Later a protec- 
tive atmosphere was obtained by volatilizing 
purified paraffins (boiling range, 140 to 300° F. ) 
with which the powder was impregnated. The 
liquid impregnant also helped considerably in 
reducing the health hazard by preventing 
atmospheric dispersion of the powder. 

The beryllium powder for this investigation 
was prepared by crushing vacuum melted 
beryllium in a ball mill. Contaminating iron 
was largely removed by a magnet, the final 
content being 0.2 to 0.3%. Particle size varied 
from —36 to —200 mesh. Initially, low com- 
pacting pressures (10,000 psi.) and temperatures 
(1200 to 1400° F.) were used, but the metal so 
produced was porous. Higher pressures and 
temperatures were therefore required. At 
20,000 psi. and 800° C. (1475° F.), a die lubri- 
cant became necessary to prevent the compact 
from adhering to the die walls. Colloidal 
graphite was applied as a dispersion in acetone 


*Nimonic 75 is an 80-20 Ni-Cr alloy with small 
additions of titanium. Nimonic 80 contains more 
titanium and also aluminum for precipitation 
hardening. 
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or alcohol, dried and baked at about 150°C. 
(300° F.), and then polished. It also served to 
seal the gap between die and plunger enough 
to prevent air from diffusing inwardly during 
heating, while allowing hydrocarbon vapors to 
escape. Contamination by the graphite was 
only superficial, surface layers of beryllium 
carbide and graphite being easily removed by 
abrasion and polishing. 

Detailed investigations were made of the 
effects of pressure, temperature, and time on 
the density, microstructure, and mechanical 
properties of compacted beryllium. It was 
found that beryllium of theoretical density 
could be produced by compacting powder of 
suitably graded particle sizes at 850°C. 
(1550° F.) with a pressure of 33,000 psi. applied 
for 15 min. However, repeated use of Nimonic 
80 dies and plungers under these conditions 
caused distortion after several pressings. 

At that time, the stronger Nimonic alloys 
were not available, so experiments were carried 
out using die assemblies made of titanium car- 
bide cermets as a substitute. Originally, a 50% 
titanium carbide, 50% nickel composition* was 
used, which enabled pressures of over 30,000 
psi. at 900° C. (1650° F.) to be sustained. Later, 
a material consisting of titanium and chromium 
carbides bonded with nickel-chromium alloy 


*Supplied by Hard Metal Tools, Ltd., Coventry, 
England. 
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was used; this had better high-temperature 
strength and corrosion resistance. Die sets of 
this material could be used repeatedly for hot 
compacting beryllium components, including 
composites such as beryllium-clad uranium 
cylinders, to zero porosity. 


Frame Compacting of Powders 


“Picture frame compacting” is a method for 
fabricating plates and sheet of variable contour 
from beryllium and other materials. The pow- 
der mass is compressed between flat backing 
plates (dies) of a suitable heat resisting material 
such as Nimonic alloy or titanium carbide 
cermet. This setup is contained within a sur- 
rounding deformable frame of a softer material 
such as mild steel or Nimonic alloy. Frame 
dimensions are such that the powder is laterally 
constrained; this prevents squeezing out during 
compacting. Final contour of the compacted 
powder is about the same as the initial internal 
dimensions of the frame. 

In this method, the lateral restraining force 
results largely from friction of the frame against 
the backing plates. It increases during the 
compacting operation (due to flattening of the 
frame and increase in its area of contact with 
the backing plates) so that an approximate 
balance is maintained against the tendency of 
the powder mass to extrude. 

Die blocks must be able to withstand both 
temperature and pressure, or they will be in- 
dented and bent. Nimonic 80 is suitable for use 

at 750°C. (1400° F.), and the titanium car- 

bide-base “Turbide” alloy, or similar material, 
for 1000° C. (1850° F.). The latter will de- 
form, however, if die blocks are allowed to 
reach this temperature throughout and pres- 
sure is maintained for considerable periods. 

It is preferable to keep the blocks cool by 
contact with water cooled copper-beryllium 
alloy backing plates. Temperature distribu- 
tion is improved by heating frame and con- 
tents with a heavy electric current 
through the whole assembly. Die 
blocks can be heated very rapidly, 
thus minimizing contamination of 
the powder compact during pressing 


Fig. 2—Assembly for Hot Pressing 


yy Beryllium Powder in a Vacuum. With 

7 this furnace, entrapped gases can be 

Yj Y removed before the powder is com- 
pressed. The heating element uses 

Power 7 . Thermocouple a low voltage to avoid flashover 
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Fig. 3 — Some Components Mece by Hot Press- 
ing Powders. At the top are straight and curved 
strips of “boral” plate, a sandwich of alumi- 
num sheets with a boron carbide-aluminum 
filler. It is used for a neutron shielding material 


and overheating of the die blocks. However, 
care is required to avoid excessive thermal 
shock in the die blocks, particularly when these 
are of titanium carbide-base compositions. 
Surface cracks are readily formed, and propa- 
gate during subsequent pressing operations. 


Smaller Components 


When compacting smaller components, such 
as cylinders and spheres which require very 
high campacting pressures, the frame is rela- 
tively thick. In such an assembly, the lateral 
(radial) restraining force is balanced by hoop 
stresses as well as by friction of the annular 
frame against the die blocks. The area of con- 
tact can now be made very large (compared 
with the area of the peripheral surface of the 
bore), being approximately proportional to the 
square of the outside diameter. It can be shown 
that very high pressures can theoretically be 
sustained in the bore. However, pressures are 
limited in practice by the strength of the die 
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blocks, which become indented when the pres- 
sure at the frame center is much more than 
three times the yield strength of the material. 
This imposes an upper limit to the pressures 
attainable. When using titanium carbide-base 
cermets at 950 to 1000°C. (1750 to 1850° F.), 
about 120,000 psi. may be sustained for press- 
ings occupying a few minutes, and about 50,000 
psi. for repeated long-time pressings. When 
compacting at 850°C. (1550°F.), the corre- 
sponding pressures would be about twice those 
quoted above. 

In all instances, thickness of the die blocks 
must be at least equal to (and preferably one 
and a half to two times) the radius of the frame, 
and the diameter should be about three times 
the final diameter of the frame, unless con- 
strained radially. Die blocks should be well 
supported by water cooled backing blocks of 
high-strength material. Advantage may be 
taken of temperature gradients in the die blocks 
and frame* so that higher temperatures and 


*When compacting beryllium, which has a rela- 
tively high electrical conductivity, the heating cur- 
rent passes mainly through the compacted beryl- 
lium powder, which is thus heated to a greater 
extent than the steel or Nimonic 75 alloy frame. 
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pressures can be sustained in the powder mass. 
Temperature gradients must of course be 
matched to the thermal shock resistance of the 
die block material. 


Slipping Can Occur 


In these methods of compacting, slippage 
may occur at very high pressures between the 
frame and die blocks because of the tenacious 
surface film of oxides. This results in a loss of 
pressure at the center. The effect can be mini- 
mized by interposing a very thin metallic layer 
(of aluminum, zirconium or titanium, for ex- 
ample) which will reduce the oxide film, form 
hard intermetallic compounds, and promote 
adhesion of the frame to the blocks. The effec- 
tive frictional force now becomes very high, 
and shearing occurs preferentially in the frame 
near the die block. Pressures can be calculated 
from the shear strength of the frame material, 
but are generally not very much greater than 
those attained when the coefficient of friction 
is 0.5. 

On the other hand, where the frame and 
contents are to be kept from sticking to the die 
block, the block can be coated with colloidal 
graphite before assembly. The coefficient of 
friction is thus reduced from about 0.5 to 0.1, 
with a corresponding reduction in the frictional 
restraining force. However, the hoop tensile 
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Fig. 4 — Forgings and Stampings of Steel-Sheathed 
Beryllium. In front are two types of stampings, 
each “before” and “after” the steel sheathing 
has been etched away with dilute nitric acid. Note 
that contours are retained with ease. Forgings 
with half of the sheathing etched away are shown 
above with a machined specimen of beryllium 


strength now contributes a greater proportion 
of the total restraining force, and its value de- 
pends on the internal and external dimensions 
of the frame. It is commonly about 25 to 50% 


of the frictional component. If a frictional 
component is to be maintained while protecting 
the dies and frame from alloying with the com- 
pacted powder, the inside of the frame and 
the corresponding area of the die blocks only 
are also coated with graphite. 


Metal Powders in Sie2ths 


Much development work was carried out on 
sheath extrusion and forging of beryllium flake 
and powder. The powder was prepared by 
crushing, leaching, and vacuum drying the 
electrolytic beryllium flake. The material was 
impregnated with a very small amount of vola- 
tile paraffin, and cold compacted into suitable 
mild steel canisters (annular in form for tube 
extrusion) at a pressure of about 10,000 psi. 
A porous graphite disk was inserted on top of 
the compacted powder, (Continued on p. 178) 
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Failure in 


"Ture was a time, and not so long ago at 
that, when failures of shafts, gears, and other 
stressed parts were blamed on “crystallization” 
of the steel. Nowadays, mechanics are more 
aware of the part that stresses play. They have 
even been known to concede that service condi- 
tions are often responsible for failures. Once in 
a while, however, a part will break after a short 
service life, while similar parts undergoing 
similar service conditions will last for years. 
When this happens, the unhappy possessor of 
the disabled machine is apt to complain bitterly 
about the steel. Often he is right. On the other 
hand, he can be wrong, too. Take the following 
instance. 

Our laboratory received, not so long ago, a 
broken machine tool shaft. It was 2 ft. long 
and 1 in. in diameter. According to the fabri- 
cator, it was made from a normalized En 9 steel 
(an English grade equivalent to A.LS.I. 1054); 
this we confirmed by chemical analysis. This 
shaft, according to our informants, failed after 
a few hundred hours in service. Since the 
manufacturer had produced a large number of 
similar shafts and no others failed, we decided a 
thorough investigation was warranted. 

Our preliminary work revealed that the shaft 
had been heat treated (by quenching and 
tempering to Rockwell C-43) at one end. The 
fracture occurred 3 in. from the heat treated 
end of the shaft. Its surface displayed two 
zones; the outer one, due to fatigue, was char- 
acterized by radial crack propagation, while the 
inner zone showed the crystalline texture of a 
brittle fracture. 

At the heat treated end, the shaft consisted of 
tempered martensite which was homogeneous 
for 2% in. Beyond this, carbide particles and 
bainite appeared. The carbide particles gradu- 
ally coarsened, and attained their largest size — 
1.3 microns —3 in. from the shaft end. This 
point coincided with the fracture plane. From 


*Senior Lecturer in Metallurgy and Acting Direc- 
tor, Institute of Metals, Haifa, Israel. 
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a Shaft 


By ARIEL TAUB* 


A fatigue failure suffered in service 
by a shaft was investigated 

and found to be due to im- 

proper quenching. (Q7, Q29, 2-64; ST) 


there, the carbide particles became smaller, and 
gradually merged into the normalized structure 
334 in. from the quenched end. 

Hardness measurements along the shaft sur- 
face (Fig. 1) confirmed microscope findings. 
They averaged Rockwell C-43 to 2 in. from the 
quenched end. Then the hardness dropped 
gradually for 1% in. to Rockwell C-18 (the 
lowest value ) at the fracture plane. From here, 
the hardness rose to Rockwell C-25, the average 
hardness of the normalized portion. 

These data gave us enough information to 
deduce the cause for breakage. The shaft, after 
having been machined in its normalized condi- 
tion, was selectively hardened and tempered at 
one end. Through a flaw at one of the heat 
treating steps, undesirable growth of carbide 
particles associated with bainite occurred about 
3 in. from the quenched end. This weakened 
the cross section, lowering the endurance limit 
by approximately 50%. The shaft is subjected 
to fatigue for 33% in., whereas proper hardness 
is maintained only for 2 in. 

However, the fracture area was in austenitic 
condition before quenching, since no coarse 
carbides or bainite would be formed if the 


Fig. 1 — Graph of Hardness With Relation to Plane. 
Note that fracture coincides with lowest hardness 
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normalized structure were merely tempered. 
We feel sure, therefore, that these structural 
anomalies formed in the fracture area when the 
shaft was quenched. Either the heated section 
was not fully immersed, or there was alternate 
partial retrievement and immersion during its 
rapid movement in the quenching bath. The 
fully immersed portion of the shaft hardened to 


Nimonic Alloys 


Reviewed by J. B. JOHNSON* 


Tue Nrwonic by W. Betteridge, 
Edward Arnold (Publishers) Ltd., London, 
England, 1958. 332 p. 163 fig. $15.00 


Tue urrerature on alloys for service at 
high temperatures is very extensive both in the 
United States and abroad. However, when 
anyone attempts to obtain a comprehensive 
review covering the development and applica- 
tions of any specific alloy or group of alloys, it 
is necessary to consult several sources. 

The author of “The Nimonic Alloys” has alle- 
viated this situation for one of the most useful 
high-temperature systems, nickel-chromium. 

The half-dozen or so Nimonic alloys include 
a wide range of analyses ranging in nickel con- 
tent from 37 to 78%. Nimonic 75, 80 A, 90 and 
DS (Incoloy) are produced in this country and 
have been used for service at temperatures in 
the range of 1000 to 1450°F. The authors 
indicate higher stress-rupture properties for 
Nimonic 95 than for Nimonic 90. In the case 
of Nimonic 100, the stress-rupture strengths are 
comparable with such alloys as Inconel 70, 
Udimet 500 and René 41 in the range of tem- 
peratures of 1450 to 1600° F. 

The principles governing the selection of 


*Retired, technical director, Aeronautical Re- 
search Laboratory, Wright Air Development Cen- 
ter, Wright-Patterson Air Force Base, Ohio. 
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a martensitic structure, free of precipitated 
carbides aad bainite. On subsequent heating, 
the martensite was tempered to Rockwell C-43. 
However, the finely dispersed carbide particles 
in the fracture area grew, upon tempering, to a 
resolvable size. This lowered the hardness in 
the fracture area to Rockwell C-18, seriously 
impairing the fatigue characteristics. ) 


chemical composition and metallographic struc- 
ture to obtain optimum creep and stress-rupture 
properties are given in considerable detail for 
the several alloys. Much of the data on the 
effects of temperature time and cooling rates 
are taken from the original experimental work 
conducted by the producers of these alloys and 
presented conveniently in chart form. The data 
on high-temperature fatigue properties are es- 
pecially interesting, since little data correlating 
stress-rupture and fatigue properties for the 
high-temperature alloys have been published. 
The data indicate a simple relationship between 
stress-rupture and fatigue strength independent 
of the temperature or time to failure. 

The chapter on castings does not adequately 
cover the high state of development achieved in 
this country in precision casting nickel-chro- 
mium alloys. The higher stress-rupture proper- 
ties of the cast alloys, compared to the wrought 
alloys, have not been exploited to the same 
extent in Great Britain as in the United States. 
No mention is made of vacuum melting or con- 
trol of grain size or the successful application of 
castings in the critical parts of gas turbines. 

The chapters dealing with fabrication and 
application include hot and cold working, join- 
ing, machining and inspection. The approach 
is quite practical. Some of the details on proc- 
essing differ from those in the product manuals 
prepared by suppliers in this country. 

The book contains much useful data presented 
in a comprehensive and logical manner and is 
worthwhile reading by metallurgists and engi- 
neers interested in the practical application of 
high-temperature metals. 
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Sponge [ron in Mexico 


By GUNTHER H. MULLER* 


In the past few years, Hojalata y Lamina’s plant in Monterrey 

has produced over 110,000 tons of sponge iron. This gaseous 

reduction process (termed HyL) produces material which is virtually free 
from residual elements and makes an excellent electric furnace charge. (D8j) 


Havine overcome the usual growing 
pains associated with a new development, 
Hojalata y Lamina’s gaseous reduction process 
(termed HyL)t has attained a maturity which 
entitles it to a place among the older iron ore 
reduction methods. Attesting to its practicality, 
more than 100,000 metric tons (110,000 short 
tons ) of sponge iron produced by this process 
has been converted to first-quality steel prod- 
ucts to date. 

Several conditions may make the HyL process 
economical. It can be used where steel scrap 
is scarce and costly, where high-grade ores 
(or concentrates) and cheap natural gas are 
available, or where small tonnage requirements 
make other alternate methods unprofitable. 
Now proven commercially feasible, the process 
is expected to compete with familiar steel- 
making processes in many areas of the world. 


The Plant at Monterrey 


In Monterrey, Mexico, a 200-ton-per-day 
reduction plant has been in continuous opera- 
tion since late in 1957. This plant, adjacent to 
Hojalata y Lamina’s electric furnace shop and 
rolling mills, is operated by Fierro Esponja 
S.A., an affiliated company. 

Gas flow through the unit can be followed on 
the flow sheet shown in Fig. 1. Natural gas 
first passes through a preheating-recuperating 
coil located in the stack of the Kellogg reform- 


*Engineer, Fierro Esponja S.A., Monterrey, 
Mexico. 

tThe firm has patents and patent applications 
on the process in more than 20 countries, and has 
appointed M. W. Kellogg Co. as its exclusive world- 
wide licensing agent. 
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ing furnaces. Then, it flows through a de- 
sulphurizing drum, is mixed with steam, and 
is reheated in another waste heat coil. After 
that, it passes through the reformer tubes. 
Here, natural gas and steam react to produce 
hydrogen and carbon monoxide in the presence 
of a catalyst. The reforming reaction 
CH, + H,O> CO + 3H, 

is strongly endothermic, which makes it neces- 
sary to supply heat. Operating conditions are 
adjusted to produce a gas which analyzes 85% 
hydrogen and carbon monoxide, with 4% un- 
converted methane. The rest is mainly CO». 

When the hot gas leaves the reformer, it 
passes through a waste heat (quench) boiler to 
a quench tower which cools the gas and re- 
moves excess water. The gas, now cool and 
dry, is then preheated, and passed through the 
primary reactor which holds partially reduced 
ore. Since more water is formed during reduc- 
tion, the gas must be dried again. It flows to 
a second quench tower which removes this 
water. This cool and dry gas is reheated as 
before, and passed through a secondary reactor 
which contains fresh ore. Again, the gas is 
water quenched. Finally, the dry, spent re- 
ducing gas which results is used to fuel the 
reforming furnaces and heaters. 


Reactors Have Two Sections 


Reducing reactors are designed in two sec- 
tions. There is a stationary flanged top head, 
to which the inlet gas connections remain per- 
manently gttached, and a lower flanged section 
which is free to move on wheels. Figure 2 
shows the five reactors at the plant. At any 
one time, two reactors are in the primary cycle 
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and two are in the secondary cycle. One reac- 
tor is thus always being unloaded and loaded. 

As for the operation, the lower section of the 
reactor is charged with ore and moved under 
the upper section. The two sections are held 
together hydraulically. After purging and pres- 
surizing with natural gas, the reactor is con- 
nected in secondary position where it receives 
partially used secondary gas for 2 hr. Then, the 
reactor is connected in primary positien where 
the partially reduced ore is treated with fresh 
gas for 2 hr., at which time reduction is com- 
plete. Natural gas is passed through the reac- 


Water Water Day Sponge Iron Plant 


tor at the end of the primary cycle if carbon is 
needed in the sponge iron. At the end of the 
cycle, the reactor is allowed to depressurize. 
The lower section is freed from the top section, 
and moved out to the discharging position. Hot 
sponge iron empties into a transporting hopper 
as shown in Fig. 3. All valving operations are 
actuated from a panel in a control room. 

The stepwise countercurrent principle of ore 


Fig. 2— The Reactor Area, Consisting of Five 
Identical Units. In the foreground are sponge 
iron buckets waiting to be taken to the melt 
shop. The two reformer furnaces are at the rear 
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Fig. 3— Dumping of a 
Sponge Iron Charge. The 
lower flanged section of 
the reactor has been dis- 
connected from the upper 
part seen behind, and has 
been moved out to a dis- 
charge point. There it is 
tilted and emptied. The 
sponge iron is transported 
to the melt shop in hop- 
pers by railroad cars 
shown at the left corner 
of the picture. Iron ore is 
charged into the reactor 
by a_ hopper hanging 
from the overhead crane. 
In turn, this hopper is 
filled from the stationary 
bin fed by conveyers 


and reducing gas is technically sound. It pro- 
vides rich reducing gas to the ore when the 
reduction may be thermodynamically limited, 
and poorer secondary gas for the first reduction 
of the charge where no important equilibrium 
limitations exist. Reducing gas efficiencies are 
highly satisfactory since conversions of more 
than 50% are attained during the reduction on 
a once-through basis. 

Ata given reactor temperature, oxygen re- 
moval depends on the amount of gas used dur- 
ing a complete cycle. Ore* reduction can be 
carried almost to completion by increasing the 
time of the reduction cycle or the amount of 


*Ores used at the Monterrey plant during normal 
production range from 55 to 65% in iron content. 
Gangue contents average 5 to 9%, 

Upon request of interested companies, more than 
30 different ore samples coming from mines all 
over the world have been tested in the Monterrey 
unit. Results show that any high-grade ore or 
concentrate (either pelletized, briquetted or ex- 
truded) gives essentially the same percent reduc- 
tion as the local ore. For Boqendl oy ores, results 
are rather conflicting, and no general conclusions 
can be drawn. However, some low-grade ores 
perform quite well under plant conditions. 
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gas flow. However, in a commercial plant, an 
economic balance has to be made between the 
cost of reducing and the cost of melting the 
sponge iron. In the works at Monterrey, this 
balance is reached when the ratio of metallic 
iron to total iron in the spenge is 85%, This is 
the figure aimed at. 

Since the sponge iron never reaches its melt- 
ing point, little refractory maintenance (other 
than to compensate for abrasion) is needed. 


Melting Sponge Iron 


Melting sponge iron is no more difficult than 
melting scrap of the same density. Just as the 
experienced melter will adjust his practice to 
conform to the physical variations of scrap, so 
will he do the same for sponge iron. 

Up to now, all sponge iron produced by 
Fierro Esponja S.A. has been used in the plant 
of Hojalata y Lamina. The principal product 
is rimmed steel though some low-carbon semi- 
killed steels have been made. Since the ore is 
not beneficiated, all of the gangue in the ore 
is present in the sponge iron. This gangue will 
average about 10% in the sponge, but there are 
indications that at times it will go higher. 
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Regular production is based on charges of 
50% sponge and 50% scrap, and of 70% sponge 
and 30% scrap. Satisfactory experimental melts 
have also been made entirely from sponge with- 
out difficulties. 

To obtain proper operation of a direct-arc 
electric furnace, regardless of the material to 
be melted, the electrodes should penetrate al- 
most to the bottom of the furnace. This is so 
that melting may proceed from the bottom of 
the charge. Melting is started with a short, 
low-voltage arc. If too high a voltage is used, 
a bath will be formed too soon, submerging 
unmelted material, with subsequent operating 
troubles. If voltage is too low, penetration is 
needlessly slowed down. The experienced 
melter is aware of this, and will take precau- 
tions to obtain a proper penetration of the 
charge. Because of the extreme density of 
sponge iron, strict attention to this detail is of 
paramount importance. 

In melting a 50% sponge iron, 50% scrap 
charge in a 65-ton electric furnace, electrodes 
can penetrate about 6 ft. of sponge without 
undue delay. Therefore, the furnace is charged 
with this in mind. A small amount of scrap 
(about 6 or 7 tons in the 65-ton furnace) is 
placed on the furnace bottom. Scrap is bulkier 
and will provide some voids at the bottom of 
the charge. They accommodate the liquid 
formed in penetrating the charge, and prevent 
premature bath formation. The sponge iron is 
then charged around the perimeter of the 
furnace so that it slopes toward the center in 
a crater. This will reduce the necessary depth 
of electrode penetration to a minimum. At 
the same time, furnace walls are protected 
from attack by acid slag during the period 
of maximum power input. 

All the sponge iron is charged at the start. 
After charging, power with the proper voltage 
and current is connected. Once the electrodes 
have penetrated to the scrap in the bottom of 
the furnace, voltage and power input are in- 
creased to full load. When the center of the 
charge has fallen into the bath, the remnant of 
the sponge that had been placed around the 
walls of the furnace will flow into the bath 
almost continuously until it is all melted. 

As stated before, the sponge iron contains all 
the gangue that was in the ore from which it 
was reduced. Consequently, a fairly large vol- 
ume of silica slag will be produced. However, 
it is not necessary to add lime at this stage to 
neutralize the acid slag. Instead, the slag is 
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flushed from the furnace immediately after 
melting is complete without any undue damage 
to the basic refractories. After this slag has 
been removed, burned lime is added to form the 
basic slag. Then the rest of the scrap is 
charged, and the heat finished in the conven- 
tional manner. 

When melting a 70% iron, 30% scrap charge, 
the procedure is the same, except that only two- 
thirds of the sponge iron can be charged ini- 
tially. It is also best to remove some slag after 
this two-thirds is melted. In melting 100% 
sponge iron, half is charged initially and the 
balance added in two increments. Slag is 
flushed after melting each increment. 

Previous authors have mentioned that sponge 
iron melting requires more electric energy and 
lime than do 100% scrap charges. While this is 
true statistically, it is not true (as is implied) 
that these increases are needed because sponge 
iron is being melted. The increase in power 
consumption varies almost directly with the 
gangue content of the sponge iron currently 
being melted. This gangue content — and the 
consequent power increase — will vary widely. 
Increased lime consumption is due entirely to 
the sulphur content of the sponge iron. This 
means that scrap of the same sulphur content 
will require just as much lime. Both of these 
increases could be eliminated by proper treat- 
ment of the ore before reduction. The question 
of whether to beneficiate and desulphurize the 
ore, or to remove the gangue and sulphur after 
melting, is purely a matter of economics. Either 
is practicable. 

At any rate, it can be said that the sponge iron 
currently being produced by Fierro Esponja 
S.A. can be instituted for scrap in any propor- 
tion for making rimmed and low-carbon steels. 
(Sponge iron has the added advantage of low 
residuals.) It also appears likely that the quality 
of alloy steel grades can be improved, as well. 


Sponge Iron Steel for Sheets 


Because Hojalata y Lamina produces steel 
sheet from both all-scrap heats and heats con- 
taining varying amounts of sponge iron, dif- 
ferences in their behavior can be easily detected. 
By now, enough experience has been gained to 
recognize that production costs are somewhat 
lower when steel ingots made from sponge iron 
heats are used. (Comparison, of course, is with 
ingots from all-scrap heats.) This has been 
true in pickling, cold rolling and finishing op- 
erations because of the lower residuals of un- 
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desirable elements in steel* made from sponge 
iron. Both types of ingots have the same hot 
rolling characteristics, however. 

During cold rolling it has been observed that 
higher reductions in thickness are allowable 
with sheet made from sponge iron heats. There- 
fore, this type of steel can be cold reduced to 
the specified thickness in less time than required 
when rolling sheet made from an all-scrap heat 
to the same thickness. The reason: Because 
they have smaller amounts of residual elements, 
sponge iron ingots exhibit less work hardening, 
both in rate and in total amount, than ingots 
poured from all-scrap heats. 

When steel from both types of ingots is an- 
nealed by the same heat treating cycle, sponge 
iron melts show lower hardness. Therefore, a 
specified maximum hardness can be obtained 
with shorter heat treating cycles or lower tem- 
peratures for the same cycle time. For instance, 
for the same annealing cycle, a 50% sponge iron 
steel sheet will show a hardness between Rock- 
well B-40 and B-50, while a scrap-made sheet 
will exhibit as high as Rockwell B-45 to B-55. 
Again, this is traceable to the relative absence of 


residual elements in the steel made from sponge 


iron. 

Hojalata y Lamina’s yearly production rate of 
about 180,000 tons of rolled product is being 
sold all over the country. Close cooperation 
with their clients has enabled their metallurgi- 
cal department to follow the performance of 
their sheet after it leaves the mill. In nearly 
every instance, sponge iron sheet has provided 
a better quality product than obtained before 
with scrap-made sheet, and at a lower cost. 

One client, specializing in deep drawing, can 
make very deep draws on sponge iron sheet 
without the intermediate anneal needed for steel 
made from 100% scrap charge. Also, fewer 
rejects were observed during normal production 
runs. Where ductility is of paramount impor- 
tance, the increased hardness caused by resid- 
ual elements may be serious. Recognizing this 
fact, Hojalata y Lamina has standardized their 
heats for deep drawing stock at 60 to 70% 
sponge iron in the charge. The same amount of 
sponge iron is being used for applications like 


*Certain metals, such as copper, chromium and 
nickel, retard the pickling rate when they occur 
in the steel base. Therefore, it is only natural to 
expect sponge iron sheet, bearing lower percentages 
of these elements, to be pickled in less time than 
scrap sheet. Acid attack on the base metal is also 
reduced so that surface quality is improved. 
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galvanizing, enameling or tinning, where good 
surface characteristics are required. For other 
applications, lower sponge iron contents‘ are 
being used in the heat. 

It has been found that sponge iron sheet 
exhibits less enameling defects than scrap-made 
steel. This is especially true for “fishscale”, a 
defect caused by the tendency of hydrogen in 
the enamel frit to diffuse into the base metal 
and remain in it after the enamel layer has 
hardened. This hydrogen concentrates at the 
metal-enamel interface, and creates gas pockets 
able to build up pressures high enough to pop 
up a fishscale-shaped fragment of enamel. 
From this, the defect gets its name. 

Residual elements inhibit grain growth and 
uniformity, and this is the underlying cause of 
the better performance of sponge iron sheet 
during enameling. Since the rate of hydrogen 
diffusion depends on grain size, the larger grains 
in the sponge iron sheet allow hydrogen to 
diffuse more rapidly. This gives occluded hy- 
drogen a better chance to leave the base metal 
before the enamel layer entraps it at the inter- 
face, when it solidifies. Furthermore, if the 
sheet is without hydrogen, fishscales will not 
appear later. 

Another customer who makes electric re- 
sistance welded pipe has also noticed that 
sponge iron sheet behaves better. It is easier to 
form, there are less rejections in hydrostatic 
testing of welds, and better bend and flaring 


test results are experienced. 
Investment and Operating Costs 


Capital investment for a sponge iron plant of 
the HyL type will vary according to local con- 
ditions. In general, however, such an installa- 
tion will cost about one half of the capital 
investment required for a conventional blast 
furnace of the same capacity. This includes 
coke ovens. 

To produce one metric ton (1.1 short tons) of 
iron in an 85% reduced sponge iron in the 200- 
ton-per-day plant, the following raw materials 
are required: natural gas, 23,000 cu.ft.; electric 
energy, 75 kw-hr.; water, 282 cu.ft.; ore, 1.75 
tons. Direct labor amounts to one man-hour, 
excluding maintenance, ore handling, and over- 
head. As a byproduct, 2500 Ib. of steam at 150 
psi. pressure is produced; it is being used in the 
plant's rolling mill. 

The success achieved in the commercial op- 
eration of the 200-ton-per-day plant at Monter- 
rey is such that (Continued on page 192) 
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Vacuum Treatment 


of Molten Steel in Germany 


By P. J. WOODING and W. SIECKMAN* 


Developed by Dortmund-Hérder Hiittenunion, this process 


is applicable to electric furnace, openhearth and oxygen converter production. 
It operates on the basic principle of forcing successive portions 

of liquid steel into a vacuum vessel by atmospheric pressure. 

A variety of controlled alloy additions can be made late in the degassing cycle. 
This feature, combined with a major reduction of oxygen content, 


Six years aco, Dortmund-Horder Hiit- 
tenunion (DHHU) was forced to develop 
vacuum treatment equipment because of dif- 
ficulties in the production of heavy forgings. 
Typically, these difficulties arose from oxide in- 
clusions and hydrogen flakes. 

Chemical reactions which include a gas 
phase are accelerated by vacuum treatment. 
The reduction in pressure displaces equilibrium 
conditions to levels hundreds of times below 
normal. 

Carbon, hydrogen, and oxygen are removed 
by these reactions. Carbon can be reduced to 
a minimum without an undesirable increase in 
oxygen contamination, and furnace refining 
time for low-carbon steel can be shortened. 
When the amount of hydrogen is lowered, con- 
ventional slow cooling practices can be de- 
creased or eliminated. Also, reduced delivery 
time is permitted. Significant quantities of 
oxygen can be removed rapidly only if the 
oxygen is “free” (not in compound form). 
Therefore, it is desirable to degas the steel be- 
fore adding elements with a high affinity for 
oxygen. By making such additions late in the 
degassing cycle, it is possible to remove most of 
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leads to improved cleanliness and increased product yield. (D8m) 


the “free” oxygen as a gaseous deoxidation prod- 
uct and to flush out the hydrogen. 

In addition, production-scale equipment must 
not interfere with the normal flow of operation. 
There should be no limitations in ingot size, 
and temperature losses must be compensated. 
The vacuum treatment process developed by 
DHHU satisfies all these requirements. 


The Dortmund-Hérder Process 


Figure 1 shows the latest stage of equipment 
development. The main components of the 
equipment are a degassing vessel and _ its 
nozzle, addition hoppers, an evacuation system. 
a heating system, and a hydraulic system for 
raising and lowering. Since vacuum treatment 
occurs in the ladle, it does not interfere with the 
normal tapping and pouring practices. 

Now a few words on the process itself. The 
difference between atmospheric pressure and 


*Manager, Vacuum Furnace Dept., and Metal- 
lurgist, Lectromelt Furnace Div., McGraw-Edison 
Co., Pittsburgh. This report was prepared from 
data supplied by Dortmund-Hoérder Hiittenunion 
of Germany. Lectromelt is engineering and build- 
ing this type of vacuum treatment plant for the 
United States, Canada and Mexico. 
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Control Console 


Hydrautic Cylinders 
Ladle Car 


Steam Ejector 
Vacuum System 


Vacuum Vessel 


Suction Nozzle 


Fig. 1 — Isometric View of the Lectromelt Version of the DHHU Vacuum 
Treatment Unit. The graphite heating element keeps the vessel lining 
at around 2900° F. so that superheating before tap is not necessary 


the pressure inside the evacuated vessel is 
enough to raise the liquid steel into the vessel. 
This means that the maximum difference in 
levels is equivalent to barometric pressure 
expressed as ferrostatic head, which is about 
4 ft., 8 in. of molten steel. 

As the unit is lowered, a portion of liquid 
steel rises into the degassing vessel through the 
nozzle. After each portion of liquid steel is 
degassed, it is returned to the ladle by raising 
the vacuum vessel. This movement, which has 
a stroke of 2 to 3 ft., is repeated until the ladle 
contents have been treated to the required de- 
gree. Each cycle takes about 30 sec. An im- 
portant requirement is that the entire treatment 
time must be less than 15 to 20 min. The con- 
tents of the ladle need to be completely circu- 
lated three times within this period. As Fig. 2 
shows, there is no significant improvement after 
a three-fold circulation. 

Based on a given range of ladle sizes and 
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stroke speed, this circulation requirement de- 
termines the size of the degassing vessel.* 

The shape of the degassing vessel is deter- 
mined by two requirements. The bath must be 
shallow with the largest possible area, and space 
must be provided for the violent turbulence 
which occurs during treatment. Both these 
factors have a direct effect on the carbon monox- 
ide reaction and thus an indirect effect on the 
hydrogen removal. (Carbon monoxide flushes 
out hydrogen.) Also needed is a heating ele- 
ment to keep the vacuum vessel at around 
2900° F. 

The factors listed above, combined with the 
need to keep the heating element as short as 

*Lectromelt plans to construct three basic sizes 
of plant: 10 to 60, 30 to 120, and 40 to 200 tons. 
There is no upper limit on ladle size. For the time 
being at least, the treatment of ladles less than 10 
tons in capacity is not being considered because of 


increased severity of temperature losses as ladle size 
decreases. 
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possible (for greater strength), led to the illus- 
trated vessel shape. { 

As for durability, the vessel refractory has an 
average life of 20,000 tons, and nozzle refractory 
lasts for approximately 5000 tons. Tests prove 
that there is no significant oxygen pickup from 
either ladle or vessel refractories. Erosion starts 
primarily at a joint between two bricks and can 
be checked through view ports on top the 
vacuum vessel. 

The degassing vessel is raised and lowered 
hydraulically. If required, the ladle can be 
moved instead of the vacuum vessel; this makes 
the equipment less expensive for ladles up to 
approximately 50 tons. 


Heating System 


The heating system is used to bring the re- 
fractory inside the vessel to the temperature of 
molten steel before treatment. With normal 
ladle preheat, no furnace superheat is required. 

For example, an 80-ton ladle preheated to 
1500° F. will take no more than 15 min. to treat. 
During this time, the steel will lose about 28° F. 
However, degassed steel has high fluidity and 
pours well at temperatures 25°F. less than 
normal. For similar conditions without pre- 
heating the ladle, furnace superheat of about 
25° F. is necessary. 

Production units presently in operation in 
Germany all use resistance heating. A graphite 
rod furnishes the heating element, with the 
upper limit of heat input being about 700 kw. 
A three-phase arc heating system, now under- 
going final tests, will permit considerably higher 
heat inputs for further process development. 


Removing Oxygen 


Having covered the design problems, metal- 
lurgical matters should now be considered. We 
start with the problem of oxygen removal. This 
can be achieved only by the carbon monoxide 
reaction. In addition to effective oxygen re- 
moval and thorough mixing, this process makes 
it possible to control the final chemical analysis 
with accuracy. Close control is possible be- 
cause the oxygen content of the heat is known 
at all times during the treatment. This is one 
of the most significant advantages of the process. 

The required final oxygen content may not 
be particularly low (as in semikilled steel, for 
example), but control of this content is always 
important. To determine the “free” oxygen 
content of the liquid steel, we need to know the 
weight of the degassed portion together with 
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Fig. 2— Most Reduction in Oxygen 
Occurs During the First 10 Min. of 
Vacuum Treatment. For good de- 
gassing, three-fold circulation of the 
molten steel in the ladle is needed 


the quantity and composition of the gas re- 
moved. The weight of the steel in the vacuum 
vessel is easy to measure. We assume that the 
measured oxygen content of this steel is the 
same as that of the balance of the heat. This 
assumption is sound, provided that mixing is as 
complete as possible. Results have shown that 
mixing, which is accomplished by the kinetic 
energy of each portion of steel leaving the 
vacuum vessel, is complete. 


Cleanliness Is Improved 


Physical properties and product yield are 
both improved by reducing the frequency and 
size of nonmetallic inclusions. This feature 
leads to cost savings often greater than the ex- 
pense of operation. Figure 3 shows that oxide 
inclusions are reduced to one third of normal 
levels by vacuum treatment. In addition, the 
range of scatter in parts per million is sharply 
limited at both top and bottom locations. Simi- 
lar results have been obtained in rolling grade 
steel. 

For example, when a vacuum treated, rolling 
grade steel, containing 0.10% C maximum, was 
compared with a similar untreated steel of the 
same composition deoxidized in the normal 
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Fig 3— Comparison of Oxide Residue in 
Forging Grade Ingots. Vacuum degass- 
ing has not only lowered the average 
weight percentage from 0.025 to 0.010, 
but scatter is also reduced considerably 


way, it had a lower oxygen content (an average 
of 0.003% instead of 0.006%) and a narrower 
scatter range. 


Protective Gases Are Used 


During normal pouring, steel may take up 
further oxygen. Since this is particularly true 
for aluminum-killed low-carbon steels, most 
have been poured under a protective gas. 

Figure 4 shows the effect of this practice on 
the oxygen content of aluminum-killed, vacuum 
degassed steel. Though the average oxygen 
value was almost the same for protected and 
unprotected steel, tops and bottoms of ingots 
cast without the protective cover sometimes 
contained as much as 0.015% oxygen. Con- 
versely, ingots cast under the protective gas 
never contained more than 0.008% oxygen. 

Most of the oxygen is removed during the de- 
gassing cycle. Therefore, very little “free” oxy- 
gen is in the metal when deoxidizing agents are 
added. This means that losses from oxidation 
are much less than during a normal deoxidizing 
cycle. For example, mild steel requires 0.030% 
Al. This is normally achieved by adding 2.5 
to 3.0 lb. of aluminum per ton. However, only 
0.8 to 1.2 Ib. per ton is needed if the oxygen is 
removed before aluminum is added. Clearly, 
this improves the cleanliness of the degassed 
material and reduces the cost of additions. 

In vacuum degassed steels, alloying elements 
such as silicon, which react exothermically 
when added to molten steel, can be introduced 
into the degassing vessel without any difficulty. 
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Fig. 4 — Effect of Pouring With a Protec- 
tive Gas Covering. Though the average 
oxygen value is about the same, t 

protection lessens scatter considerably 


Large additions are made by stages, and the 
number of subsequent fillings is slightly in- 
creased to mix the heat adequately. 

If large quantities of endothermic elements 
are added, either they must be introduced in 
the furnace to avoid a great drop in tempera- 
ture, or more superheating is required before 
tapping. The choice is dependent upon the 
behavior of the alloying additions under 
vacuum. For example, nickel, molybdenum, 
and chromium (to a certain extent) can be 
added in the furnace without difficulties. 


Effect of Chromium 


Considerable quantities of spring steel, silico- 
manganese steel and steels containing up to 1% 
chromium for forged and rolled products have 
been treated. The degree of purity of vacuum 
treated steel is illustrated by Fig. 5 which shows 
oxide residues, chromium oxide inclusions, and 
the hydrogen content of a steel containing 0.70% 
chromium. Because chromium was added in 
the furnace, it was possible to pour the melt 
at the usual temperature. Essentially, the graph 
shows that hydrogen can be reduced in spite 
of the presence of chromium. 

Chromium lowers the activity of oxygen in 
liquid steel. This action impedes evolution of 
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Fig. 5— From Left to Right, These Dia- 
grams Show Oxide Residue, Chromium Ox- 
ide, and Hydrogen, All in Ppm. All values 
are determined on one vacuum degassed 


carbon monoxide in any of the high-chromium 
grades. However, because more carbon monox- 
ide is evolved at the low pressures in effect 
during vacuum treatment, a major reduction of 
Cr,0; is possible. 

Figure 6 is based on tests carried out by 
DHHU in a vacuum induction furnace simu- 
lating conditions in the production-scale unit. 
Oxygen contents always obtained after vacuum 
treatment are below the upper curve. This 
means a decrease in Cr2O3; content (even in 
higher chromium grades) within 1 to 2 min. 
(These experimental heats contained 0.01 to 
0.02% C. In higher carbon grades, reduction 
should be even more rapid.) 


Effect on Mechanical Properties 


One consequence of the improvement in 
cleanliness is better machinability. This was 
proved by tests carried out at the Technische 
Hochschule Aachen, in which the machinability 
of vacuum steel was compared with that of 
untreated steel. The results showed that normal 


\ 


Beginning of Cr,0, Reduction 


¥ 0.020 \ 


Extrapolated 
& 
x 
oo10 
Reduction Complete) = 
in foe Than 2 Min. 
0 2 6 10 


Edge 


ingot, and are taken from center te edge at 
both top (dashed line) and bottom (solid 
line) locations. This ingot weighed 45 tons, 
and contained 0.45% C and 0.70% Cr 


cutting speeds were increased about 15%. An 
increase in the edge life of the cutting tool was 
obtianed, in some instances as much as 90%. 

Transverse properties are related to types of 
nonmetallic inclusions generally known as 
stringers. As a result of the improvement in 
cleanliness affected by this process, transverse 
properties closely approach longitudinal values. 


Removal of Hydrogen 


As is well known, determination of hydrogen 
contents in molten steel is difficult. With sev- 
eral established methods to choose from, DHHU 
selected the one which was, in its opinion, the 
most reliable. Hydrogen and oxygen sampling 
is accomplished by the immersion mold method 
of Speith and vom Ende and analysis by 
vacuum fusion at approximately 3270° F. Using 
these methods, DHHU finds an average hydro- 
gen content after vacuum treatment of 2.0 ppm. 
In the as-forged condition, the hydrogen con- 
tent of vacuum treated material averaged 1.0 
ppm. as shown in Fig. 7. 


Fig. 6 — Reduction of Cr,O; 
in Vacuum Melted Heat. 
These values were obtained 


from tests made with a 
vacuum induction furnace. 
Conditions simulated those in 
a vacuum treatment unit 
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Fig. 7 -- Hydrogen Content in Forging Grade 
Ingots Produced From Vacuum Treated Steel 


aa Chemical determination of the hydrogen con- 
\ ) tent, using the tin fusion method at approxi- 


mately 2100° F., gave equivalent figures after 
allowing for analytic tolerance. 

é, The process obtains the full benefit of degass- 
{ eq ing until late in the treatment, which means 
4 better hydrogen removal. Known reasons are: 
4 lower hydrogen partial pressure, diffusion of the 
0 
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gases soluble in the liquid steel into the carbon- 
monoxide bubble (in which their partial pres- 
sure is very low), and larger effective surface for 
degassing. This is illustrated by Fig. 8, which 
shows that the bulk of the hydrogen is washed 
Increased pump capacity in DHHU’s recently out with the carbon monoxide. After addition of 
developed plant and further improvements in ferrosilicon, less carbon monoxide forms, with 
the shape of the vacuum vessel resulted in lower a corresponding drop in hydrogen removal. 
hydrogen values. For example, samples from the Due to its relatively low diffusion rate, nitro- 
degassed molten metal showed an average value gen needs a considerably longer time to be 
of 1.6 ppm. of hydrogen. eliminated from the bath. However, the reduc- 
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Fig. 8 — Hydrogen Is 
Removed With Car- 
bon Monoxide Evo- . 
lution. When ferro- | 
silicon is added, the | 
remaining oxygen 


CO, Cu. Ft. per Ton 
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combines with the 

silicon, no more car- : 

bon monoxide is 

formed, and the hy- 
drogen is no longer umber of Fillings 
flushed out of the melt 
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Fig. 9 — Conditions For Ni- 
trogen Removal in Degass- 
ing. Nitrogen requires more 
time for elimination than 
either hydrogen or oxygen 


Nitrogen, After Vacuum Treatment, 
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tion is dependent on the initial con- 
tent. For example, the average nitro- 
gen content of openhearth steel is 


about 0.004% and this value is re- : , 
duced by 15 to 20% during treatment. 
On the other hand, the relatively high : 
nitrogen content of some electric fur- Roughed Slab 84-86 88-89 
nace steels can be brought down to Net Output, % 7 
openhearth values, as shown by Fig. 9. " 
In aging resistant steels which re- 
quire low nitrogen, either aluminum Scaling Loss, % ] ‘ 1 1 
(in killed steels) or boron or vanadium 
very accurately toward the end of the Bottom Discard, %> 


degassing cycle to reduce the nitrogen 
content. 

Vacuum treatment not only im- 
proves steel quality, but there are ad- 
vantages obtained during processing 
and machining. In one typical test, more 
sound forgings were produced from vacuum 
treated melts as compared with those from 
untreated steel. This was true for both 
ingots and blooms. In each instance, the per- 
centage of sound machined forgings produced 
from vacuum treated steel is from 10 to 12% 
higher than from untreated steel. 

Improvements were also achieved in the 
rolling mills. The net output of rolled products 
produced from killed and vacuum degassed 
steel was, for example, 5% higher than for 
untreated steel. This fact was observed at first 
in forgings, semifinished products and shapes, 
and later confirmed when slabs were rolled into 
plates and wide strip. 

Primary and secondary pipe are inevitable 
in top poured slab ingots. Since the cleanliness 
of vacuum treated steel resulted in substantially 
better welding of pipe, DHHU was led to 
eliminate the sinkhead. Vacuum treated steel, 
poured in this manner, was rolled into coils 
and sheets. No laminations could be detected 
in spite of severe tests. Figure 10 shows an 
improvement in yield of about 8% achieved by 
this method. Also shown is the yield of semi- 
killed vacuum treated steel for a deep drawing 
wide strip grade. Normally, semikilled steel 
used for this purpose is contaminated and sub- 
ject to aging. By combining vacuum treatment 
with subsequent addition of boron in the 
vacuum vessel, DHHU has succeeded in pro- 
ducing a clean, nonaging steel. If for some 
reason the hot top must be retained, there will 
still be a significant yield improvement due to 
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Normal Steel Vacuum Steel Vacuum Steel 
With Hot Top Semikilled 
Al-Killed Al-Killed With Boron 


Fig. 10 — Vacuum Treatment Improves Product 
Yield in Low-Carbon Steel for Welded Pipe. 
Improved cleanliness makes this _ possible 


the welding of the secondary pipe and better 
ingot surface. 


Operating Costs 


Based on several years of operating experi- 
ence in Germany, and using average American 
units of cost, Lectromelt has established the 
following figures: 


ANNUAL TONNAGE Cost PER TON 


50,000 $5.00 
100,000 3.50 
200,000 3.00 
500,000 2.75 


These figures include five-year depreciation of 
total capital cost, average steel plant overhead, 
refractories, labor, power, steam, water and 
other factors. 

Summarizing, DHHU has developed a vac- 
uum treatment unit which does not interfere 
with normal operations and is independent of 
ingot size. Furthermore, the unit produces 
steel which is excellent in terms of improved 
cleanliness, hydrogen reduction, and yield. 
This process makes it possible to select the 
most advantageous time for alloying additions, 
and to avoid detrimental superheating of the 
openhearth bath. 

Five years of development, and a production 
of over 75,000 tons, have led to a process which 
has general application and considerable further 
potential. Acceptance has been rapid in the 
United States. Work has already begun on two 
installations: a 40 to 200-ton unit for Crucible 
Steel Co. of America and a 10 to 60-ton unit 
for National Forge Co. —) 
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Russia has 26 institutes devoted to the teaching of metallurgical 
and allied curricula. The faculties are of the highest caliber; 


Training Metallurgists 


in the ULS.S.R. 


By IAN G. SLATER* 


pay is up to ten times that of a mechanic. Applicants for entrance 
number many times the available openings, and students know 


Av tHe iviration of the Ministry of 
Higher Education in Moscow, a small delega- 
tion of senior staff of the College of Advanced 
Technology of Birmingham, England, recently 
visited Russia to survey their higher techno- 
logical education and industry. Naturally the 
resulting impressions are limited by the dura- 
tion and scope of our tour, but the objective 
was to examine the magnitude and caliber of 
the teaching and training under the Russian 
system and to discuss the salient features with 
our opposite numbers in the U.S.S.R. 

This was indeed a unique occasion, for we 
in this country knew but little of the details 
of the Russian system and we naturally wel- 
comed this exchange of information and views 
on a matter which is vital to the future of 
civilization. We also visited a number of re- 
search institutes and factories to learn some- 
thing of the integration of technology between 
them and the schools. Travels took us to 
Moscow, to Sverdlovsk in the Urals, and to 
Dnepropetrovsk and Zaporozhye in the South- 
ern Ukraine. 

A few statistics are desirable at the outset, if 
only to emphasize the magnitude of the Russian 
effort. Of the 220 million population, some 40 
million are undergoing some form of education. 
Of these, two million are at institutes of higher 
education. The latter are capped by 33 uni- 
versities; then come 27 polytechnics, 32 me- 
chanical engineering and allied institutes, 26 
metallurgical, mining, geological, petroleum 
and allied institutes, together with institutes 
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that their future depends on successful scholarship. (A3) 


concerned with other applied sciences in the 
field of chemistry, physics, electrical engineer- 
ing, foods, building, transport and a host of 
other specialties amounting to over 200 insti- 
tutes. Other institutes concerned with such 
specialties as agriculture, forestry, economics, 
medicine, physical culture and teaching bring 
the total to about 725. It is to be emphasized 
that these institutes (in contradistinction to the 
33 universities) deal essentially with under- 
graduate and postgraduate teaching and re- 
search with students ranging in age from 18 to 
26 or so. 

In Russia, compulsory education of the child 
starts at the age of 7 and continues until the age 
of 14, and therafter, for selected students, to the 
age of 17. These are known as the seven-year 
and the ten-year schools and an avowed objec- 
tive apparently is to increase continuously the 
numbers permitted to remain to the age of 17. 
The curriculum laid down for this primary and 
secondary education is reasonably well stand- 
ardized and there is no significant effort to 
afford specialization in the more advanced 
years. The number of hours of school work 
per week is rather greater than ours in the 
Western world. 


The Educational Ladder 


The diagram (Fig. 1) is a simplified version 
of the Soviet educational ladder. Our limited 
time permitted us to study only the higher edu- 


*Head, of Metallurgy, College of 
Advanced Technology, Birmingham, England. 
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Labor Education 
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2 Years 


G.C.E.(O) 


7-Year 
School 


Kindergartens, Creches, Etc. 


cation establishments but we were told that 
over half a million students enter the labor 
reserve schools each year and a similar number 
enter semiprofessional schools. 

Higher education starts in the post-seven- 
teenth year and competition for a place in one 
or another of the institutions is truly formidable. 
At Moscow University, for example, there have 
sometimes been more than ten applicants for 
each place; other institutions may be rather less 
popular but without exception applications are 
several times the number of vacancies. After 
all, the Russian student is made well aware from 
his or her earliest age that the path to success 
is closely associated with academic progress. 
There is no doubt as to the serious way in 
which youth bends to the task. This way of 
life and mental approach to future responsi- 
bilities is indeed a most notable feature of the 
Russian scene. On reaching 17 years of age, 
the 2% or so of the brightest students are 
awarded a gold medal with their certificate of 
maturity and these selected few may enter the 
higher institution without further examination. 
The next 2 or 3%, in ordex of merit, get a silver 
medal and are required to pass an examination 
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Fig. 1 — Soviet Education 
Ladder. Under the British 
system equivalent, the ab- 
breviation G.C.E. (O) Sig- 
nifies General Certificate 
of Education (ordinary 
level) and G.C.A. (A) sig- 
nifies the certificate award- 
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in perhaps one subject only, such as mathe- 
matics. Less fortunate students, and they are 
of course the majority, must take a compre- 
hensive examination in five subjects; for ex- 
ample, at the Mendeleev Chemical Techno- 
logical Institute in Moscow the subjects are 
mathematics, physics, chemistry, Russian and 
one foreign language. 

There seems to be a growing insistence on 
some industrial experience before the ten-year 
student enters the higher institution. Thus, 
special concessions may be given to those who 
have worked two years in a factory and the 
standard for acceptance, in academic perform- 
ance, lowered very considerably. Undoubtedly, 
such “practical” information has substantial ad- 
vantages in a technological training but there 
may be other reasons unknown to us of a more 
philosophical nature which prompt this plan. 
Technology freely attracts both sexes in Russia; 
thus quite 20% of the metallurgists or mechani- 
cal engineers are women while chemistry might 
yield 60%, Wastage of students during the five 
or six years of the course may amount to 10 to 
15%, mainly at the end of the first year. 

Turning again to the diagram in Fig. 1, it 
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Fig. 2 — Timetable of the Kalinin 
Institute for Nonferrous Metals 
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will be noted that courses in higher education 
may last from five to six years before the student 
“graduates”. The academic year normally 
covers the period from the first of September to 
the first of July, with a break of two weeks in 
January. The working week is a six-day one. 
This certainly means that the total hours per 
annum in class and laboratory are substantially 
more than those of the Western world, and the 
content of the course much greater than that 
required for a first degree over here, whether 
it be the three-year Bachelor of Science or the 
four-year technical diploma or engineering 
degree. The timetable over a typical Russian 
five-year course is shown in Fig. 2. 


Specialization in General Metallurgy 


Metallurgy is one of no less than 16 tech- 
nologies which are offered in the Russian higher 
educational scheme, and in each of these 16 
there is a large number of specializations. The 
15 specializations classified under the general 
heading of metallurgy are: 

1. Metallurgy of ferrous metals 

a. Metallurgy of pig iron 

b. Metallurgy of steel 

c. Electrometallurgy of steel and ferrous 
alloys 

2. Metallurgy of nonferrous metals 

3. Metallurgical furnaces 

4. Foundry production 

a. Ferrous metals and alloys 
b. Nonferrous metals and alloys 
5. Physico-chemical examination of metal- 
lurgical processes 
a. Metallurgy of ferrous metals 
b. Metallurgy of nonferrous metals 
c. Metallurgy of rare metals 
d. Powder metallurgy 
e. Corrosion and protection of metals 
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6. Physics of metals 

7. Pressure treatment of metals 
a. Rolling and drawing 
b. Forging and stamping 

This great array of specialization is indeed 
formidable; we have nothing like it in the West- 
ern world. It is right to emphasize, however, 
that much of the first two years of the formal 
five-year course is taken up with the basic sci- 
ences — mathematics, chemistry and physics, 
together with quite a heavy load of descriptive 
geometry and drawing. Professional subjects 
are first encountered toward the end of the 
second year and their scope is wide, and more 
or less common for all the 15 varieties listed 
above. Real specialization appears no sooner 
than the fourth year. 

In the final year, the student undertakes 
“diploma work” in the form of a quite substan- 
tial research project. The efforts we saw 
seemed to be of really excellent caliber and the 
project often had a close link with some current 
industrial problem requiring cooperation with 
local industry. The task often involved process 
evaluation and design studies and finally 
emerged in the form of a set of beautifully exe- 
cuted drawings supplemented with a neatly 
written report or thesis of 100 pages or so. We 
were proudly shown this work by several enthu- 
siastic students who obviously were burning 
much midnight oil in its execution to the exclu- 
sion of all other possible distractions. 

The content of any particular course is rea- 
sonably well standardized throughout the coun- 
try. By way of illustration, it is useful to dia- 
gram two examples which bring out features 
mentioned in previous paragraphs and which 
emphasize the range of subjects covered. (See 
Table I.) 

In addition to full-time students, many of the 
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Table I — Content of Two Five-Year Courses in Metallurgy 
(Numbers Indicate Hours Per Week) 


ComMoN CONTENT 


YEARS METALLOGRAPHY 
AND 


HEAT TREATMENT 


NONFERROUS 
FounDRY 


PRODUCTION 


IandII} Physical training 2. 


i 
4 


ng 3, Theoretical mechanics 2, 
Strength of materials (2nd yz.) 
}, Crystallography (Ist yr.) 


Marxism-Leninism 4, Foreign 
anguage 2, Higher mathematics 
Physics 3%, Inorganic 
themistry (Ist yr.) 5, Chemical 
analysis (2nd yr.) 5, Physical 
themistry (2nd yr.) 3, Draw- 


op (Ist yr.) 4 


deny (2nd yr.) 2, Work- 


III Furnace technology 3, Fuels 
refractories 1 4, Theory of metal- 


lurgical processes 2%, General 
metallurgy 6, Metallography| 5, 
Radiography 3, Powder metal- 
lurgy 2 


Political economy 2%, Theorypf Bhysical chemistry 2, Thermo- 
machines 5, Electro-technics 44% technics 21, Furnaces 5, Metal- 
lurgical theory 6, Metal work- 


iy 5, Foundry production 2% 


treatment of metals 3, Theory of 
heat treatment 4%, Economics of 
metallurgical industry 2, Physics 
of metals 2% 


energetics of factories 3, Pressare Radiography 2 


utomatics 2, Construction | %, 
lanning 2, History of technics 


IV Mechanical handling 1, Thermal Political economy 2, Welding 2, fn 1%, Heat treatment 2, | 


2, Foundry production theory 3, 
Gasting 5, Molding 5 


V Strength of materials 14, Foun- Electrotechnology 2%, Organi 


institutes receive evening and correspondence 
students. Time did not permit us to assess 
these, but we understood that the courses take 
a rather longer time, and that successful students 
receive the same rewards as their full-time col- 
leagues. The correspondence students (who 
may live some distance away — and Russia is a 
very large country) attend each month for a 
day or two for oral instruction and to meet their 
tutors. Numbers involved in these part-time 
studies are probably far less in proportion to 
those in Great Britain where many thousands of 
our youth tread the hard way in part-time day- 
release or evening courses. Some indication of 
numbers is shown in Table II, which also quotes 
data for research students in a number of the 
institutes we visited. 


Research Work in the Institutions 


Postgraduate work may lead in three years to 
the higher degree of “Docent” or “Kandidate” 
and thereafter in another three years to the 
“Doktor” status. Not inconsiderable numbers 
travel this path and they are indeed the elite of 
academic attainment. This research work is 
part and parcel of the teaching environment and 
obviously is of inestimable value in providing 
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Fressure treatment of metals 4, 


dry production 3, Automation2¥% gation and planning 2, Resear¢h fety techniques 2, Molding 2. 
project and thesis (balance) 


the right atmosphere of academic well-being 
and technological drive. In these establish- 
ments the members of the teaching staff also 
engage in some research work. Furthermore, 
quite a few independent research workers from 
local industry use the facilities. Equipment 
seemed to be installed on a most generous scale 
and we were told that industry readily provides 
new equipment, materials and encouragement. 

Laboratory facilities merit a special note: We 
found quite substantial differences in different 
institutes; for example, the University in 
Moscow is particularly well equipped while 
some other institutes had very mediocre mate- 
rials with which to work. However, we were 
very firmly advised by the Russians that they 
were thoroughly aware of the deficiencies, and 
that it was only a matter of time to get them 
corrected. These establishments have a high 
priority in the building program and there was 
much visible evidence of reconstruction and 
substantial expansion. 

In addition to the more usual laboratory ap- 
paratus, some institutes had a fair amount of 
pilot plant — for example, at Dnepropetrovsk a 
one-ton steel converter, using oxygen, had been 
installed with substantial rolling mills alongside. 
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If criticism can be raised, 
it may be that the Russian 


Table Il — Students at Institutes Visited 


student spends less time in the 
laboratory than his contem- 


LOCATION AND 


NuMBER OF STUDENTS 


EVENING Post- 


porary over here. Possibly EsTABLISHMENT Futt-Time | anp Corre- | GRADUATE 
the press of sheer numbers of SPONDENCE | (RESEARCH) 
students is the cause of this. v 

NLOSCOW 
Often a team of students using 15,000 200 


any one piece of apparatus 
would be much larger than 
we would consider desirable. 


Mendeleev Chemical 
Technological Institute 3,800 300 100 
Bauman Engineering 


In passing, it should also be Institute ; 10,000 ss 300 
mentioned that some _insti- Institute 4,000 
tutes were running a double The Urals State Polytechnic | 10,000t 8,000 650 
shift, so that lecture rooms Dnepropetrovsk 

and laboratories were active Chemical Technological 

from early morning until late Institute 3,700 400 120 
evening. Metallurgical Institute | 3,000 1,800 | 400 


Having disposed, all too 
briefly, of the organization of 
the higher educational 
tem, I should now comment 
on the human material involved. First, the 
teacher — for he or she is indeed a vital factor 
in the search for enlightenment and knowledge. 
Perhaps one of our most profound discoveries 
in Russia was the fact that there is just no 
shortage of teachers of the highest caliber. The 
solution to the acute problems, so obvious in this 
country, has been quickly realized and rectified 


Fig. 3—The Great Bell in the Kremlin 


’ 
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*1400 in the Chemistry Department. 
+2000 in the Metallurgy Department. 


by the Russians in the extremely simple (and 
reliable) expedient of according the right pay, 
conditions and status for the job. It is certainly 
a great joy to meet not only a contented staff 
but also men and women of intellectual quality 
with imagination and drive. These teachers are 
not in any way overloaded by routine work but 
have time for reflection and research. The full- 
time teaching staff is augmented by “visiting pro- 
fessors” who are the senior members of one of 
the many research institutes associated with the 
particular applied science concerned. Many 
members of the full-time teaching staff have re- 
search interests either in their own institutes or 
in a nearby research institute which provide 
them, not only with the personal satisfaction of 
doing useful work, but also not unsubstantial 
financial rewards. Perhaps in this difficult task 
of “learning”, one might comment that the Rus- 
sians seem to organize and discipline their stu- 
dents far too much and to mother them in such 
a way that students do not develop fully the 
senses of discrimination, judgment and outlook 
which we like to think our English students 
possess. 


The Student Body 


A second comment would be that the Russian 
has been well conditioned throughout his schol- 
arship to hard work with limited distraction and 
with the clear view that academic success will 
reap rewards as well as fulfill his duties expected 
by the all-powerful (Continued on p. 193) 
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Explosive Forming in Canada 


Canadian firms are increasing their research efforts in explosive forming. 


By H. P. TARDIF* 


Aircraft companies report successful forming of skins and engine parts. 
The investigation of metal gathering — explosive forming which results 
in the walls of the formed part being thicker than the original workpiece — 
has continued, and welding by explosive impact is being explored. 


(G-general, K6; NM-k34) 


The errorr devoted to high-energy-rate 
metal forming in the United States during 
recent years has created great interest in Can- 
ada, and work along this line has been initiated 
both in research and development. Although 
the effort spent in Canada to date is only a small 
fraction of that spent in the United States, some 
progress is being made in this field and the 
highlights are reported here. 

The Explosives Laboratories of Canadian 
Industries Ltd. have recently installed facilities 
for underwater explosive forming of metals. 
Two setups have been used so far. A tank 18 
in. in diameter and containing 2 ft. of water is 
used in forming small test specimens about 
6 xX 6in. A larger tank 8 x 12 ft. with a maxi- 
mum depth of about 5 ft. of water is also avail- 
able to form larger pieces with heavier charges, 
perhaps up to ¥% lb. of high explosive. 

One research project at the physical metal- 
lurgy division, mines branch of the Department 
of Mines and Technical Surveys concerns fun- 
damental studies of the ductility and formability 
of metals under impulsive loading. Metal 
sheets are deep drawn in a small pressure 
vessel by a free-forming operation. Variables 
such as amount of charge, pressure, type of 


metal, and thickness of blank are being studied. 


The pressure vessel used is completely leak- 
proof and consequently noiseless. This offers 
an advantage when explosive forming is to be 
carried out indoors. Other aspects of this 
research project now underway in Ottawa also 


*Head, Materials Laboratory, Canadian Arma- 
ment Research and Development Establishment, 
Valcartier, Quebec. 
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include the forming of shapes in closed dies. 

In the industrial field, many firms, especially 
those in the aircraft industry, have been active 
in experimenting with high-energy-rate form- 
ing. At Avro Aircraft Ltd., Toronto, a car- 
tridge-actuated free-floating piston has been 
used for piercing and dimpling sheets of tita- 
nium and other alloys for aircraft skins. In 
another firm, Bristol Aero-Industries Ltd., 
Winnipeg, components have been made of 
3003-H 14 aluminum with the arrangement 
shown in Fig. 1. Forming is carried out under 
water by placing the assembly in a 50-gal. 
tank. The water head above the blank is 
about 2 ft. Concrete and kirksite dies have 
been employed. With concrete some crum- 
bling occurs at sharp corners over which the 
metal was drawn. Concrete dies with steel 
inserts at these points should be satisfactory for 
production runs. Kirksite dies proved entirely 
satisfactory. When making the configuration 


Fig. 1— Arrangement Used for Explosive 
Forming Test Parts at Bristol Aero-Industries 
Ltd. With this shape, high vacuum is re- 
quired in the die cavity to prevent spring back 


5 Ft. of 40-Grain Primacord 


| 
7” 
Retaining Ring 


Rubber Ring 


14” 

3003-H 14 
Aluminum Blank 


Vacuum Line 
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shown in Fig. 1, a very high vacuum in the die 
cavity was necessary to prevent spring back of 
the part after the explosion. 

One of the most active firms in this field is 


Orenda Engines Ltd. of Toronto. Various 
shapes have been formed including air duct 
panels, cone frustums, fan blades, annular rings 
and turbine blades. 

In forming air duct panels, the die, sheet 
metal blank, and explosives are immersed in 
4 ft. of water in a cylindrical steel tank 6 ft. in 
diameter and 6 ft. deep. Most work was done 
with Types 321 and AM 350 stainless steels in 
aluminum dies. The largest air duct panel, 
which has an area of 5 sq.ft., is pictured in Fig. 
2. Grooves in the panel are 0.120 in. deep. 

Principal difficulty in this work was sealing 
off the water from the die. Various tech- 
niques were used to prevent the water from 
penetrating the die cavity between die and 
blank. Applications of silicone rubber or glyp- 
tol and linen tape or vinyl tape around the edge 
of contact between metal and die proved 
successful. Another method which consisted 
of evacuating a polyethylene-mylar bag placed 
around the die and blank produced excellent 
results. The charge was Primacord containing 
50 grains of explosive per ft. Tests indicate 
that with the setup conditions previously de- 
scribed, about 6 to 10 ft. of Primacord was 
necessary per square foot of 0.030-in. thick Type 
321 stainless steel to form the air duct panels. 
Some work hardening occurs, the Vickers hard- 
ness increasing from about 165 to 250. 

At the Canadian Armament Research and 
Development Establishment, work was con- 
tinued on the forming of conical and hemi- 
spherical shapes by metal gathering (Metal 
Progress, September 1959). In this method, 
the free blank is accelerated toward the bot- 
tom of the die without being retained by a 
blank holder. This process, which results in 
thickening rather than thinning of the blank 
during forming, has been applied to larger and 


Fig. 3—Conical Copper 
Shapes Produced by Ex- 
plosive Forming in Water 
With Various Charges and 
Stand-Off Distances. The 
walls of the cones are 
thicker than those of the 
original workpiece because 
the starting blank was 
not clamped or restrained 
over the die cavity 
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Fig. 2—Corrugated Air Duct Panel of Type 
321 Stainless Steel 0.030 In. Thick Made by 
Explosive Forming at Orenda Engines Ltd. 
Panels like this have also been made of 
AM 350 stainless steel, titanium and aluminum 


more complicated conical shapes such as those 
shown in Fig. 3. Forming is now carried out 
under water, and variables such as amount of 
charge and stand-off distance can be changed 
to produce different shapes. Cones with cylin- 
drical stems of various lengths have already 
been formed from copper, stainless steel, and 
aluminum sheet. It is expected that step-like 
and bell-shaped cones could also be obtained. 

The mechanics of the deformation process 
during forming have been studied by means 
of a grid scribed at the surface of the blank 
and by hardness and thickness measurements. 
Typical results obtained from a cone (Fig. 3 
right) are given in Fig. 4. 

On fully formed cones having a stem, the 
wall thickness of the cone is greater than that of 
the original blank all the way from the base to 
the stem. Deformation of the grid indicates 
that the metal stretches along the side of the 
cone. However, the metal gathering effect is 
great enough to compensate for stretching and 
provides an over-all increase in wall thickness. 

Some experiments have been carried out on 
the welding of dissimilar materials by means of 
explosive pressures. Thin plates of 1100-0 
aluminum, mild steel, stainless steel and gal- 
vanized iron were placed in contact with brass 
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nating an Explosive Charge Above Them. 1500 x 


Fig. 6 — Fine Ripples Typical of Those Produced at the 
Interface of Sheets Bonded by Explosive Impact. 30 x 


Fig. 4— Hardness and Deformation Measurements 
Along Fully Formed Copper Cone Shown in Fig. 3, 
Right. The metal has stretched during explosive 
forming as indicated by deformation of grid lines 
which were scribed on the starting blank, but 
thickness has increased. Starting blank was 0.183 
in. thick, with Vickers pyramid hardness of 65 


or copper plates 0.125 in. thick and 3.5 in. in 
diameter. A small pellet of explosive was 
placed 3 in. above the assembly and detonated. 
Bonding is not very uniform and occurs in 
patches. Joined by this technique, steel and 
copper sheets could be pulled apart although 
there was evidence of bonding and formation 
of a new compound at the interface. With alu- 
minum on copper, it was impossible to separate 
the sheets because the aluminum tore around 
the bonded areas. This indicates that the shear 
stress of the bond in this case was very high. 
Stainless steel and brass couples gave a shear 
stress of 17,000 psi. 

The hardness of both components of each 
couple was also increased appreciably during 
the explosive bonding. Thus stainless steel 
increased in hardness by 40 points Vickers. 

Microscopic examination revealed new phases 
at the couple interfaces. In the sieel-brass 
couple this phase could only be revealed when 
the specimen was etched with a copper etching 
reagent. When the specimen was etched with 
a copper etch (ammonium hydroxide and hy- 
drogen peroxide), only a line could be seen at 
the interface between the two metals. When an 
aluminum etch (hydrofluoric acid) was super- 
posed, a new phase or phases appeared which 
apparently formed from aluminum — the metal 
of lowest melting point of the two. In the 
aluminum-brass couple the new phase formed at 
the expense of the aluminum (Fig. 5). 

The interesting feature of these tests was the 
presence of a layer of alloyed metal at the weld 
interface which indicates the existence of a 
real metallurgical bond between the dissimilar 
materials. There was some evidence that this 
layer forms at the expense of the material 
having the lowest melting point of the two 
materials in the couple. 

When the joint could be pulled apart, the 
bonded patches showed fine ripple marks (Fig. 
6). The cause of this rippling phenomenon and 
its effect on bonding and bond strength are 
being investigated. Better surface preparation 
and the use of plane shock waves will probably 


result in better bonds. 
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Short Runs 


Celluloid Replicas 
| Aid Study of Metal Fractures 


By KONRAD KORNFELD* 


Miacaornacrocaarny has proved to be a tediousness it has not become popular in spite 

4 useful laboratory tool because the fracture of the efforts of those working in this field. 
appearance often points to the cause of failure. To overcome the difficulty of specimen illumi- 
Microfractography has also contributed to the nation and the laborious positioning of the 


solution of several problems, but owing to its “*Ottawa, Ont., Canada 


Fig. 1 — View of Cup-Dome Fracture 
in a Steel Specimen. Above, actual 
surface; 20 x. Right, celluloid rep- 
lica slightly squeezed between two 
glass dides; 25 x, transient light 
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fractures under the microscope, a replica tech- 
nique was developed. As in most replica- 
making, some manual skill is required, but with 
very simple tools and a little experience, good 
replicas can be readily produced. 

In the technique described here, replicas of 
fractures are made from a solution of celluloid 
(cellulose nitrate) in methyl acetate which 
bonds the fracture to a celluloid strip. When 
the solution dries, the strip, which now contains 
a reproduction of the fracture, can be peeled 
from the specimen. The viscosity of the solu- 
tion affects the results very little, but it is 


Fig. 2— Photographs of Replicas Taken 


From Fracture Surface of a 2025 Alu- i 
minum Forging Which Failed in ©, 
Fatigue. Above, 50 x; right, 1000x ™¥» 


advisable to select thinner liquid (1 g. celluloid 
in 25 cc. methyl acetate) for uniform fractures 
and a viscous solution (1:10) for making deep 
replicas. 

Any hand press may serve the purpose of 
making replicas. A flat piece of rubber about 
34 in. thick (a piece of an automobile tire is 
satisfactory) is put on the press table and 
covered with clean paper on which a strip of 
celluloid of the required size is positioned. The 
celluloid should be 0.002 to 0.006 in. thick. The 
thick sheet is preferred for large, irregular 
fractures. Thinner celluloid absorbs less light 
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and flattens more readily but is more difficult 
to strip. 

When the “rubber die” and celluloid sheet 
are ready, the methyl acetate solution is applied 
to the fracture and the sample is quickly posi- 
tioned (within 1 to 5 sec.), fracture surface 
down, on the celluloid. Sufficient pressure is 
applied to cause a small indentation in the 
rubber. Pressure should be maintained for 
about 2 to 3 min. until the celluloid strip has 
adhered to the fracture. Once it is removed 
from the press, the replica will harden in about 
5 min. It can then be gently stripped from the 


fracture surface. 


If the strip is wrinkled, it 
can be flattened by taping to a flat surface and 
heating it with a hot air stream until gentle 
stretching removes the wrinkles. The other 
end of the strip should also be taped to the flat 
surface as the replica cools. 

A cover glass may help to flatten the replica, 
but the surface which reproduces the fracture 
should be directed toward the microscope 
objective. The cover glass on the objective 
side may deform the high spots on the replica. 

Figures 1 and 2 show the results obtained by 


this method. 
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..... Liquid flame 
hardening plus spin quench 


Cuts Sprocket Hardening 
Costs % -- for Chain Belt Company 


SALT BATH FURNACES 


Internally heated electric and gas-fired types 


By spinning gears and sprockets in salt at 1750° F to harden, 
then spinning them again to quench, the Chain Belt Company 
of Milwaukee has scored a marked improvement in hardening 
penetration and uniformity plus an equally remarkable 
reduction in heat treating costs. 

Sprockets range from 8” to 40” in diameter and include 
a wide variety of shapes, sizes and thicknesses. They are 
either machined from plate, drop forged or cast. 1040 to 
1053 steels are uniformly hardened to 50, 55 or 60 Rc as 
desired—with 20% deeper penetration, with no soft spots and 
with negligible distortion. 

With the sprockets fixtured in a specially designed Ajax 
unit, immersed up to their rims and spun at predetermined 
speeds, the teeth are selectively hardened to 1” beyond their 
roct diameter and with no adverse affect or “run out” on 
uther hubs or webs. Root hardness pattern can be controlled 

: shaped to suit exacting requirements. 


HEAT TREATING PROBLEMS SOLVED! 


When you discuss heat treating matters with Ajax, you get full 
benefit of unmatched experience, not alone in designing the 
world's largest assortment of salt bath furnaces, but in helping 
you use them to best advantage in solving modern metallurgical 
and production problems. 
AJAX ELECTRIC COMPANY 
910 Frankford Ave. 
Philadelphia 23, Pa. 


An independent producer of salt bath furnaces exclusively 


PIONEERS !1N SALT BATH HEAT TREATING PROGRESS 
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Readers Vote Yes on Metric System 


DEARBORN, MICH. 

With respect to the article “Should 
We Go to the Metric System?” 
(Metal Progress, August 1959), I 
should like to report the results of 
an informal poll taken in the metal- 
lurgy department of the Ford Motor 
Co. Scientific Laboratory. The met- 
allurgists polled are all engaged in 
basic research and would be ex- 
pected to favor the metric system. 
The actual vote was 20 to 1 in favor 
of the metric system. The reasons 
for favoring the metric system are 
stated in the article, and I believe 
that one cannot dispute that we 
should go to the metric system. 

This obviously leaves unanswered 
the questions of whether the change 
could be made and how to go about 
it. The same metallurgists who 
agreed on the superiority of the 
metric system were sharply divided 
on these questions. Six were con- 
vinced that the change was not pos- 
sible, while six others believed it 
possible, but stated that the cost was 
too high and that it would not occur. 
Nine thought the change to the met- 
ric system could and would occur 
in America. It was recognized by 
all that industry would resist the 
change because of its cost. Without 
a doubt, it would be expensive and 
industry would be reluctant to 
change even though convinced of 
the metric system’s superiority. In- 
dustry must be convinced that the 
change will pay off in dollars. 


In spite of this major obstacle, I 
believe that the metric system will 
gradually come into general use. 
The rapid pace of our advancing 
technology will necessitate the use 
of metric units as the gap between 
research and industry narrows and 
the delay time between laboratory 
and production shortens. Several 
suggestions were made in the course 
of our discussions as to how this 
gradual conversion could be accel- 
erated. These are: 

1. Begin to teach the metric 
system in grade schools so that 
everyone becomes familiar with the 
system. Most students are not in- 
troduced to the system until they 
reach high school. 

2. Ask the various technical so- 
cieties such as A.S.M. to assist by 
requiring the use of metric units and 
degrees Celsius (centigrade) in all 
of their publications and technical 
papers. 

3. Begin now to build metric ma- 
chine tools and other equipment to 
replace old equipment. (This is 
probably easier said than done, but 
a start must be made.) 

4. Try to convince the military to 
build their new equipment using 
metric units. 

Any system of measurement con- 
stitutes a basic language not only for 
engineers and scientists, but for the 
entire society. The fact that the 
metric system is easier to learn and 
use than our present cumbersome 


one should not be overlooked. It 
seems to me that its adoption would 
make more persons conversant with 
mathematical calculations. 
A. GoERING 
Research Metallurgist 
Scientific Laboratory 
Ford Motor Co. 


BIRMINGHAM, MICH. 


Concerning “Critical Points” in the 
August issue just received — the sug- 
gestion to adopt the metric system 
calls to mind an apocryphal yarn 
concerning Sir Joseph Whitworth, 
which was told me many years back 
by my father; the events are sup- 
posed to have happened a century 
or so ago. 

It seems Sir Joseph had just nicely 
established his system of screw 
threads, to his own satisfaction at 
least. He had developed some pretty 
accurate end-measuring machines, 
when he was approached by a group 
suggesting inches be abandoned and 
metric lengths substituted. He was 
given a long list of reasons why this 
was a most noble notion. Among 
them, the statement was made that 
the meter had been intended to be 
some decimal fraction of the length 
of the gradient of the meridian of 
longitude through Paris, although 
later information indicated it was a 
bit “off” in this respect. Sir Joseph 
is supposed to have listened politely 
while the sales talk was made — and 
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by MIDVAC 


When parts for missiles . . . super aircraft 
... and other jet age products call for 
super alloys to operate at high temper- 
atures specify MID-VAC Steels. 


MID-VAC Steels — produced by the MIDVAC 
Process of consumable electrode vacuum 
melting — have increased tensile and impact 
... improved stress rupture strength at elevated 
temperatures . . . long fatigue life. They meet 
specifications of critical parts where strength is 
needed at temperatures above 1000°F. Super 
alloys for missile combustion chambers, tail 
cone assemblies, nose cone or structural 
members, aircraft landing gear parts and 
compressor rotor blades. 

Offered in ingots, billets or forgings. Write 

for technical data on these new super 
alloy steels, 


Midvac Super Alloys for missile combustion chambers, tail cone assemblies, jet engine 
parts and other parts requiring properties beyond the capabilities of conventional steels. 


fe PPENSTAL CO., NICETOWN, PHILADELPHIA 40, PA. 


PLANTS: Pittsburgh, Pa. Bridgeport, Conn. 
New Brighton, Pa. 


ene SUPER ALLOY STEEL 
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Count the other ways 
Buick uses x-ray emission 
spectrometry 


® Evaluation of heat-treatment processes 

® Identification of engine deposits 

@ Analysis of purchased lubricants “in less 
time than it would take a chemist to set up 
his glassware” 

@ Routine analysis of structural and tool 
steels, bearing metals, copper base mate- 
rials and others 


of a brake drum 


Buick uses G-E x-ray emission spectrometry to 


promote uniform brake drum metal quality. 


Product development . . . that highly stressed interval 
between an engineering conception and a smoothly func- 
tioning production line . . . is the time of great imbalance 
in the ratio of Questions to Answers. Buick has found the 
General Electric XRD-5S x-ray emission spectrometer a 
great help in balancing this ratio. Analyzing their foundry 
slag for FeO content, they can keep close tabs on cupola 
combustion efficiency. Spectrometry shines again in fur- 
nishing fast, accurate analyses of Mn, Ni, Cr, and Mo 
samples from the melt. That’s not all . . . look at the other 
applications at left. 

Producing recordings on film or charts (like that shown 
above), General Electric XRD-5 units accept large or 
small samples with equal readiness . . . perform both quali- 
tative and quantitative analysis. And fast! One case ~a 
typical one — saw a two week wet-chemical analysis 
slashed to one hour. 

Where can x-ray spectrometry . . . or its versatile com- 
panion, diffraction . . . fit in your production plans? Find 
out from your GE x-ray representative. Or write General 
Electric X-Ray Department, Milwaukee 1, Wisconsin for 
Pub, AS-14. 


Progress ls Our Most Important Product 


GENERAL ELECTRIC 
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Correspondence .. . 


to the surprise of all expressed will- 
ingness to go along with the scheme, 
provided one minor adjustment could 
be agreed upon. Encouraged, the 
visitors asked the nature of the ad- 
justment; Sir Joseph replied, “If you 
gentlemen will make your meter just 
equal to forty of my inches, we are 
in business” — or the Victorian equiv- 
alent of this Americanism. 

Looking back a _hundred-odd 
years, methinks maybe the old boy 
wasn’t so far off after all! 

ROLAND V. HUTCHINSON 
Retired 
Engineering Staff 
General Motors Corp. 


EASTLAKE, OHIO 

Should we go to the metric sys- 
tem? Yes, by all means! Of course, 
I realize that this is easier said than 
done, but let me elaborate some of 
my ideas. 

Since everyone agrees that the 
metric system is more convenient, 
the only obstacle remaining (and a 
big one indeed) is the practical tran- 
sition in science, industry and every- 
day life. The main resistance will 
originate from habit. All the fa- 
miliar quantities will look so totally 
unfamiliar when expressed in the 
new units. For example: Would you 
feel (without consulting a conversion 
table) that an outside temperature 
of 33° C, is hot, cold, or pleasant? 
It would take an average person who 
is willing to make the change sev- 
eral years to acquire the feeling for 
these new figures. An unwilling 
person would never quite make it. 
But that should not be a deterrent. 
For the next generation will grow 
up with the new system, and in about 
two generations the old system will 
have been all but forgotten. The 
process can be compared to learning 
a new language. The more profi- 
cient you become the less you “trans- 
late” from the old language. 

Now for some practical sugges- 
tions. The most expensive area for 
the changeover is certainly industry 
(tools, screws and nuts as mentioned 
in your article). The first step, in 
my opinion should be a simple re- 
statement of all dimensions, quanti- 
ties, and so forth in the metric sys- 
tem. For example a \%-in. screw 
should forthwith be called a 3.18- 
mm. screw with the accuracy car- 
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OGRAPH MARK IV and convenience. 
VICKERS n which gives you operational 
work, , polarized light, P 
For micro a A 


microhardness. 
COOKE META A 
design for 
60 to 500X, only .50. 

COOKE |NVERTED MET ALLURGICAL M2990 


you the finest bright-field image available in a - 


Precise Measurement 


erformance. Modern 


tical 
cellent op el with magnifications 


—eE 
LLURGICAL M12 operation. Mod 


ity and ease © 
— A bench-type model giving 
oscope of its type- 


BAKER SURFACE-FINISH INTERFERENCE MICROSCOPE — Accurate to 
0.000001”. New optical system and mechanical design makes it convenient to 
use and practical for shop and control operations. 

BAKER VERNIER MEASURING MICROSCOPE —A versatile, inexpensive 
measuring instrument. Ranges: 10” or 250mm; Reading to 0.001” or 0.02mm. 


Has many uses in lab or shop, in a variety of measuring set-ups or as a tele- 
scope and cathetometer. Only $165. 


particle Size Analysis 


PARTICLE COUNTER AND SIZER —- An electronic- 
treme accuracy over a great many size ranges. 
etc. Eliminates human error. 


CASELLA AUTOMATIC 
optical instrument with ex ; J 
For powders, airborne and Jiquid contaminants, 


Cuts routine counting time by 90%. 


Dilatometry 


CHEVENARD DILATOMETERS — Especially designed for research in metals. 
Choice of mechanical, photographic or electronic recordingymodel. For direct 
as well as differential studies. Variable within a wide range of sens'tivities. For 
high vacuum or normal atmosphere use. Fully programmed heating cycles 
up to 1500°C. 


/  Thermogravimetry 


CHEVENARD THERMOBALANGES'= For heat corrosion studies and all temper- 
Gture reactions. Fully programmed heating cycles up to 1500°C. Sensitivities to 
0.02mg. Vacuum, controlled ot nétmal atmosphere models. Electronic recording 
or Microverter conversion for use with your own recorder. 


» COOKE, TROUGHTON & SIMMS, inc. 


91 WAITE STREET + MALDEN 48, MASSACHUSETTS 
IN CANADA: COOKE, TROUGHTON & SIMMS, LTD., 77 GRENVILLE ST., TORONTO 


PLEASE SEND ME FILE — 
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New Star Performer In The Sandvik Line 


Presents A SUPER 
SPRING STEEL 


FIN Dy, 
LR 2S 


Sandvik’s new 2R25 is a superior grade of stainless 
spring steel which goes far beyond the capabilities of 
ordinary spring steels. It was developed for applica- 
tions where performance outranks cost. 


This new steel is a prime example of Sandvik’s 
ability to combine several advantageous properties in —_- 
one metal. Sandvik 2R25 is exceptionally tough and 


resilient, much more formable than hardened and Annealed Spring 
tempered steel, has up to 10 times the fatigue life of Steel 
ordinary carbon spring steel and bas excellent corro- 


sion resistance under varying atmospheric conditions. 
Mechanical Data on 2R25— | 


TENSILE STRENGTH RANGE — 
Hard Rolled 242,000 * 270,000 or 299,000 PS! Gund Sew Sucks 
Heat Treated 270,000 * 299,000 or 327,000 PSI 

ELASTIC LIMIT (.01% Proof Stress) — From 
156,000 to 192,000 PSI according to size and 
finish 

MODULUS OF ELASTICITY —27.7 to 35.6 x 10° PSI 
according to size and finish 

SIZES (with extremely close tolerances) 

Thickness —.0016” to .035”, Width—.039” to 3.94” 
For further information on Sandvik 2R25, 

contact your st Sandvik officc. 


Sandvik stocks a wide variety of qualities 
and sizes of cold rolled specialty strip steels. 
In addition Sandvik has rolling, slitting, 
edge-filing and hardening and tempering 
facilities. Send for your copy of this free 
brochure which gives — data on the 
leading types of Sandvik steels. 


SANDVIK STEEL, INC. 


1702 Nevins Road, Fair Lawn, N. J. 
Tel. SWarthmore 76200 * InN. Y. C. Algonquin 5-2200 Shock Absorber 
Branch Offices: Cleveland * Detroit * Chicago * Los Angeles Steel 
SANDVIK CANADIAN LTD. P.O. Drawer 1335, Sto. O. Montreal 9, P.O 
Works Sandviken, Sweden 
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ried to as many digits as necessary 
for the job. This would involve no 
physical changes (no new tools) 
whatsoever, but it would result in a 
gradual mental readjustment. As 
new machinery is designed and old 
tools wear out, I can envision their 
replacement by parts with more con- 
venient dimensions. This would 
necessitate a double inventory in 
many branches of industry for years 
to come, but I believe this would not 
constitute an insurmountable ob- 
stacle. It would certainly be less 
expensive than a sudden and com- 
plete changeover (which could 
never be complete). With regard to 
charts and the like, the conversion 
could be done fairly quickly since it 
involves mostly paper. In cases 
where a direct recalibration is im- 
possible or impractical, conversion 
tables could be used until the instru- 
ment in question is worn out. 

In everyday life, a compromise 
could be reached by defining 1 gal. 
as equal to 4 1., 1 Ib. equal to % kg. 
and 1 in. equal to 2% cm. (40 in. 
to 1m.) The inaccuracies intro- 
duced by these definitions would 
make no difference in, say, dress- 
making or cake baking, and the pub- 
lic might accept the new system 
more willingly if they had these 
simple correlations. 

In closing I want to mention 
(what you may have guessed al- 
ready) that as a native German I 
have been brought up with the 
metric system and am _ therefore 
strongly prejudiced in its favor. 
However, after having lived in this 
country for over seven years, I can 
also testify that it is possible to get 
completely used to a new system. 
The process of adjustment is quick 
if the new system is used exclusively. 
Though it will be slow if a whole 
people has to be converted, in my 
opinion it will not be impossible. 


Ursu.a E. Wo.rFr 
Metallurgist 


OAKLAND, CALIF. 


I cast my vote in favor of the pro- 
posed changeover to the metric 
system. Although my prime forte 
and background is in structural en- 
gineering, a field which will be very 
greatly affected by such a change- 
over, the long range benefits far out- 
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... Appleton 
Wire Works 
Corp. did 


eco and now 

bright anneals 
4 miles of wire § 
every minute 

at 1500° F. with 


Two Hevi-Duty strand annealing furnaces, each with 40 alloy tubes and three zones 
of temperature control, produce up to 22,000 ft. of quality brass and bronze wire per 
minute at temperatures to 1500° F. at the Appleton Wire Works Corp., Appleton, 
Wis. Each electric annealing furnace is used 24 hours per day and five days a week. 


HEVI-DUTY ELECTRIC FURNACES 


At the Appleton Wire Works Corp., Appleton, 
Wisconsin, two Hevi-Duty electric strand an- 
nealing furnaces bright anneal up to 22,000 ft. 
of brass and bronze wire per minute at tem- 
peratures to 1500° F. The wire is used in the 
weaving of wire cloth for the paper and pulp 
industry. 


Designed for maximum operating tempera- 
tures of 2000° F., each Hevi-Duty furnace has 
40 alloy tubes through which the wires pass, 
and three zones of temperature control. Wire 
is annealed under a dissociated ammonia at- 
mosphere. 


These Hevi-Duty furnaces are in operation 
120 hours per week, and this company reports 
significantly low operating costs. Temperature 
uniformity of +5° F. along the heated length 
of all tubes has extended tube life by eliminat- 
ing hot and cold spots. 


Like Appleton Wire Works Corp., you too, 
can boost production, realize lower eperating 
costs, and obtain temperature uniformity 
and rapid, easy temperature control with 
Hevi-Duty furnaces. 


On any heat processing problem, contact 
Hevi-Duty. Call or write today. 


ASK HEVI-DUTY 


for more information on 
electric or fuel fired heat 


treating furnaces. Write for 
Bulletin 653A for full details. 


A DIVISION OF ic]— BASIC PRODUCTS CORPORATION 


HEVI-DUTY ELECTRIC COMPANY, MILWAUKEE 1, WISCONSIN 
Industrial Furnaces and Ovens, Electric and Fuel + Laboratory Furnaces * Dry Type Transformers * Constant Current Regulators 
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MELT AND CAST, PIECES UP TO 50 POUNDS IN THIS— 


® 


HIGH VACUUM FURNACE 


Above—Cross section of 
vacuum molded billet. 
Below—The same metal 
but cast in atmosphere. 


When you can't afford to let gases reduce the quality of your 
castings and run reject rates out of sight, the practical money- 
making aspects of KINNEY High Vacuum Furnaces assert them- 
selves. The 50 pound model shown has found excellent applica- 
tion with high nickel steel, carbide tool steel, uranium and 
other metals. But, the value of this KINNEY Furnace is not con- 
fined to the more exotic metals . . . low alloy steels are dramati- 
cally improved by vacuum processing. 


ADD TO MELT WITHOUT BREAKING VACUUM 


You can introduce alloying material or add to the melt while 
maintaining a high vacuum in this versatile furnace. You can 
also operate the furnace using moderate positive pressure and 
an inert gas atmosphere. 


ENGINEERED FOR PERFORMANCE 


The furnace chamber features a full-opening hinged door or a 
rollaway type door with vertical or oblique split. Valving and 
special mechanisms for manual or automatic operation can be 
supplied and numerous accessories are available such as: vari- 
ous sizes of induction heating units, indexing of mold table, dip 
thermocouple and probe rod. 


KENNEY wes. oivision 
THE NEW YORK AIR BRAKE 


| 
| 3584A WASHINGTON STREET + BOSTON 30 + MASS. 


Please send Vacuum Furnace Bulletin No. 4510 [) 
Also send literature on KINNEY High Vacuum Pumps [] 


De 


Zone State 
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weigh present disadvantages and 
encumbrances resulting from the 
changeover. 

In this fast shrinking world, en- 
gineering talents cannot be kept con- 
tinually within our borders. My 
company, for example, is very care- 
fully studying foreign operations in 
areas where the metric system is 
now standard. All of our people 
who are active in these areas will 
have to work with the metric system. 
It is better to start making the tran- 
sition prior to the time of necessity, 
so that we may become familiar with 
and accustomed to relative values for 
all the many physical properties we 
depend upon in our engineering ac- 
tivities. The English system, being 
familiar to us, can be used as a quick 
check upon our detailed calculations. 

In making the transition to an- 
other system of units, we will have to 
develop a new system or series of 
values for these mental checks. Yes- 
terday or last year is the best time 
to start. Since today and tomorrow 
are the best substitutes for yesterday 
and last year, let us get underway 
with the program now. 

Wroyce W. STARNES 
Staff Sales Engineer 


Kaiser Aluminum & Chemical 
Sales, Inc. 


Los ANGELES 
It seems to me that one can 
plausibly contend that the weights 
and measures we use are infinitely 
more charming, more practical and 
more amusing than the metric sys- 
tem. One might also contend that 
habit is a force too strong to break 
and for this reason we should not 
change. However, I cannot follow 
your line of reasoning that to change 
over could not be done piecemeal 
and that serious reasons of hardware 
would make a changeover difficult. 
You mention the fastener industry 
first, and say that every screw, nut, 
and so forth is measured in the 
English system. As long as we use 
inches as a measure of length, this is 
bound to be true; but what differ- 
ence does it make if a No. 8 screw 
has a diameter of 4.16 mm. ' instead 
of 0.164 in.? Or a sixpenny nail a 
diameter of 2.87 mm. instead of 11% 
gage (0.113 in.)? And is it more 
confusing to find that a %-in. pipe 
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COSTING YOU? 


The quenching stage of your heat-treating process is the point 
which determines . . . (1) the final quality of your product... 
(2) the amount of time and material wasted by below-standard 
rejects... and (3) your ultimate operating costs. 

You can protect yourself against needless production losses by 
installing a B & G Self-Contained Hydro-Flo Oil Cooler. This 
unit will provide the accurate control of conditions in the quench 
tank which assures uniform quality in the finished product. 

The generous heat transfer surface in B & G Self-Contained 
Hydro-Flo Oil Coolers provides large capacities in comparatively 
small, compact units. They are completely factory assembled, 
ready for immediate installation and operation. 

Tell us about your quenching problems—we'll be glad to offer 
engineering counsel and recommendations. 


Completely Self-Contained Units 


B&G Hydro-Flo Self-Contained Oil Coolers com- 
bine Coolers, Motors, Strainers and all controls 
into single, integrated, easily installed “packages”. 
Fully automatic, they keep oil temperature at the 
desired degree through all stages of the quench. 
Your only responsibility is to connect to the quench 
tank and water lines. 

B&G Oil Cooling Systems may also be pur- 
chased as component parts for assembly on the job. 


Thi bined C i 
Self-Contained Oil Coolers. Send for 


your copy. SYSTEMS 


BELL & GOSSETT COMPANY 
Dept. GA-16, Morton Grove, Illinois 


Canadian Licensee: S. A. Armstrong Litd., 1400 O'Connor Drive, Toronto 16 
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“Rotoblast Steel Shot has a diameter of 21.3 mm. instead 
cuts abrasive costs in half!”§ | “°°: 


You go on to mention machine 
tools. They are full of ball bearings. 
Ball bearings have always been made 
to metric dimensions, and most of 
them are so made and listed. They 
are full of holes drilled to numbered 
sizes, which are as odd in inches as 
in millimeters. 

You claim that the changeover 
could not be done piecemeal. Why 
not? Why couldn’t we change from 
Fahrenheit to centigrade and leave 
inches alone? Who cares if ball 
bearings are metric or not? Would 
metric wire gages be more confusing 
than the multitude of gages we now 
have (U.S.S., W&M, Stub’s Iron, 
Stub’s Steel, Music Wire and others) ? 
How about the various tapers used 
on machine tools? 

The conversion would involve 
changes in names and changes in 
things. The only things to change 
would be scale graduations and con- 
version tables. Names could be 
changed as desired, or not changed 
at all. 

Perhaps this is the real reason we 
cannot change — it is much easier 
to change things than to change 


Rotoblast abouts rugged clesning job!” says Mr. names. In summer we start our work 
an hour earlier, but we cannot say 
Steel Castings Co., Chester, Pa. ‘“‘Our castings 


St | Sh t are carbon and low alloy steel, running as big 

ee 0 as eight tons each. We used to think we had a 4:00; we must keep the names from 
good abrasive until we tried Rotoblast Steel 8:00 to 5:00 and change our 
reduces Shot. Our tests proved (and we double-checked watches. Similarly, it is probably 
them to make sure) that Rotoblast cut our shot easier to say that o till teterte g has 
consumption per wheel hour to less than half. 
abrasive That means our abrasive costs are cut exactly a bore of 1.1811 in. than to call it 

in half! Also we’ve found that Rotoblast gives an even 30 mm. 
« us the kind of finish that our customers in the In other words, you are probably 
consumption railroad, steamship, steam turbine* and auto- right, our collection of customs won't 
be changed, but the reasons you give 


more than for not changing do not seem cogent 


To arrange a trial, talk to to this reader. 
50% at your Pangborn man or write H. O. Fucus 


PANGBORN CORPORATION, President 


. 1800 Pangborn Bivd., Hagers- Metal Improvement Equipment Co. 
Atlantic Steel town, Md. Manufacturers of ROTOBLAST 4 
Blast Cleaning and Dust Control 


Castings Equipment — Roteblast Steel A Metallurgical 


Shot and Grit. 
*The toughest castings in industry to clean. Celebration 


in Germany 


ROTOBLAST” STUTTGART, GERMANY 
STEEL SHOT The celebration of the 25th anni- 
AND GRIT versary of Max Planck Institute’s 


Metallforschung and the simultane- 
ous dedication of the new laboratory 


METAL PROGRESS 


| 
} 
4 4 
+ 


for the study of “special” and reactor 
metals took place late in November 
and included four sessions with a 
score or more of interesting lectures. 
Most of the latter were by staff 
members although several were by 
guests from other countries. Much 
of the subject matter c ncerned 
reactor metallurgy, as was fitting for 
the new laboratory. 

I would like, rather, to say some- 
thing of the aspects of this Jubilaum 
which were novel to a visiting Amer- 
ican. The opening session was par- 
ticularly symbolic. After a resume 
of the 25-year history of the institute 
by its director, Werner Késter, Otto 
Hahn paid tribute to the past and 
spoke of the future plans. (Dr. 
Hahn, it will be remembered, is one 
of the men who correctly interpreted 
Fermi’s experiments in the 1930's 
and so pointed the way to power 
from nuclear fission. He is now 
president of Max Planck Gesell- 
schaft, which supervises many scien- 
tific institutes.) This prepared the 
way for the “Key Ceremony” and the 
formal tender of the new building to 
its future tenants. 

The Key Ceremony was opened, 
as is traditional, by the architect 
who, key in hand, made a neat little 
speech. He then passed the key to 
President Hahn, who noted the sig- 
nificance of the occasion and passed 
the key into the strong and experi- 
enced hand of Professor Koster as 
head of Metallforschung. Professor 
Koster expressed appreciation for the 
support of the various agencies 
which had financed the new depart- 
ment, and, turning to the director 
of the Special Metals Laboratory, he 
said, “Now, dear friend Gebhardt, 
I turn to you,” and handed him the 
key. In that way Dr. Gebhardt was 
set up- in business officially and 
traditionally! 

Between the Friday and Saturday 
sessions we enjoyed a delightful in- 
terlude, a Festabend at the banquet 
hall of the Kursall at Bad Cannstatt. 
It was truly a festival evening with 
music, dancing, good food and inter- 
esting company. There were also 
two special events: 

At one time the regular orchestra 
left and a new one took its place 
and started playing a minuet. Then 
a side door opened and a stately 
procession of a dozen couples came 
in. They were dressed in the style 
of Goethe’s day for a royal appear- 


ance—men in white wigs with 
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Large steel 
producer 
uses 
Rotoblast 
descaling 
for exact 
cleaning 


quality 


To facilitate inspection for flaws, one of 
the country’s leading steel producers cleans 
%-ton billets with a special Rotoblast de- 
scaling machine. Because cleaning time 
depends on the varying steel composition 
of the billets, this machine is equipped with 
six speed settings. According to company 
supervisors, the quality of Rotoblast clean- 
ing is “just right’... all loose scale is 
removed for easy inspection without over- 
blasting to peen over and hide flaws. What's 
more, Rotoblast operation is reported to 
be efficient, dependable and trouble-free. 


If you have a standard or special descal- 
ing problem, your solution is Pangborn 
Rotoblast. Ask the Pangborn man in your 
area or write PANGBORN CORP., 1800 
Pangborn Blvd., Hagerstown, Md. Manu- 
facturers of Blast Cleaning and Dust Control 
Equipment — Rotoblast Steel Shot and Grit. 
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Each time a trio of these new cars rolls off the assembly 
lines at Ford, Chrysler Corporation and Chevrolet, another 
set of 67 Malleable parts goes into action to give American 
drivers more dependability, convenience and economy. 


Valiant, Corvair and Faicon Use 
Greater Proportions of Malleable Iron 
Than the Three Conventional Cars! 


Brand new from tread up, the Corvair, Falcon and more economical cars without sacrificing the safety and 
Valiant are the result of intensive investigation, convenience demanded by the American public. 
engineering and testing . . . all done to produce lighter, To accomplish this, the automobile industry’s 


These companies 
are members of the 


CONNECTICUT 

Connecticut Mall. Castings Co., New Haven 6 
Eastern Malleable tron Co., Naugatuck 

New Haven Malleable Iron Co., New Haven 4 
DELAWARE 

Eastern Malleable Iron Co., Wilmington 99 
ILLINOIS 

Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline Malleable Iron Co., St. Charles 
National Mall. and Steel Castings Co., Cicero 50 


Peoria Malleable Castings Co.,Peoria 1 

Wagner Castings Company, Decatur 

INDIANA 

Link-Belt Company, Indianapolis 6 

National Mall. & Steel Castings Co., 
Indianapolis 22 

1OWA 

lowa Malleable Iron Co., Fairfield 


MASSACHUSETTS 
Beicher Malleable tron Co., Easton 
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three newest creations use more Malleable in proportion 
to total materials than all other models of the same 
manufacturers. Why? Malleable provides more strength 
per dollar than any other metal, ferrous or non-ferrous. 
Malleable castings have more strength per pound than 
“light’”’ metals. Being the most machinable of all ferrous 
metals of similar properties, Malleable speeds produc- 
tion . . . produces better parts. Malleable castings have 
proved uniquely dependable for critical applications in 
millions of cars now on the highways. 

How many places are there in your operations where 


duce your costs? Check now ...send drawings or an 
outline of your requirements to any of the progressive 
Malleable castings producers who display this symbol— 


MEMBER 


coun’? 


“Stines 


Malleable castings can improve your products and re- Union Commerce Building, Cleveland 14, Ohio 


MICHIGAN 

Albion Malleable tron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable Iron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 
MINNESOTA 

Northern Malleable tron Co., St. Paul 6 
NEW HAMPSHIRE 

Laconia a" Iron Co., Laconia 
NEW YOR 

Acme Steel i Mali. Iron Works, Buffalo 7 
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Frazer & Jones Company Division 

Eastern Malleable tron Co., Solvay 
Oriskany Malleable Iron Co., inc., Oriskany 
Westmoreland Mali. Iron Co., Westmoreland 
OHIO 
American Malleable Castings Co., Marion 
Central Fdry. Div., Gen. Motors, Defiance 
Dayton Mail. Iron Co., Ironton Div., Ironton 
Dayton Mali. tron Co., Ohio Mall. Div., 

Columbus 16 

Maumee Malleable Castings Co., Toledo 5 


National Mall. and Steel Castings Co. 


Cleveland 6 
PENNSYLVANIA 
Buck Iron Company, Inc., Philadelphia 22 
Erie Malleable tron Co., Erie 
Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Malleable Iron Co., Meadville 
Pennsylvania Malleable Iron Corp, Lancaster 
TEXAS 
Texas Foundries, Inc., Lufkin 


WEST VIRGINIA 

West Virginia Mail. 'ron Co., Point Pleasant 

WISCONSIN 

Chain Belt Company, Milwaukee 1 

Federal Malleable Company, Inc., West Allis 14 

Kirsh Foundry inc . Beaver Dam 

Lakeside Malleable Castings Co., Racine 

Milwaukee Malleable & Grey Iron Works, 
Milwaukee 46 
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For almost every 
hardness testing requirement 


There’s a Wilson “Rockwell” 
instrument to do the job 


Wilson “Rockwell” Hardness Test- Wilson ‘‘Brale” 
ers can help make your products Diamond Penetrators 
better, stronger, longer lasting. give Perfect Readings 


They give reliable results on the 
production line, in laboratories, in | A perfect diamond pen- 
tool rooms, and in inspection de- | etrator is essential to 
partments. They’re as easy to use | accurate testing. Only 
as a center punch, as durable as a flawless diamonds are 
machine tool, as sensitive and ac- used with Wilson 
curate asa precision balance. That’s “Brale”’ penetrators. 
why Wilson “Rockwell” is recog- Each diamond is cut to 
nized as the world’s standard of an exact shape. Micro- 
hardness testing accuracy. scopic inspection and a 
comparator check of each dia- 
Write atalog RT-58. mond—one by one—assure you 
It my on of accurate hardness testing 
the full line of Wilson hard- every time. 

ness testing equipment. 


” 


OCKWELL 
HARDNESS TESTER 


for most hardness 
TWINTESTER testing functions 
combines functions 
of “Rockwell” and 
“Rockwell” 


Superficial Testers 


“ROCKWELL” 
SUPERFICIAL TESTER 
for extremely shallow 

indentations 


AUTOMATIC—semi and fully automatic 
models for automatically classifying tested 
5 pieces at rates to 1,000 pieces per hour 


WILSON 
HARDNESS TESTERS 


Wilson Mechanical Instrument Division 


American Chain & Cable Company, Inc. on 
230-F Park Avenue, New York 17, New York 
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knee-length trousers and court dress 
for the ladies. Upon looking twice, 
we saw that it was led by none other 
than Prof. Késter and his charming 
daughter. The ensuing minuet was 
a beautiful dance, so the onlookers 
would have nothing less than a 
repeat performance, 

The second special event was an- 
other surprise—an informal and 
illustrated history of the MPI in 
Stuttgart which was put on with 
great gusto and good humor by Fritz 
Forster. A feature was the use of 
dual photographs showing “Then” 
and “Now”; frequently it seemed as 
though someone knew that a com- 
panion photograph would be taken 
25 years later. Many ASMembers 
became acquainted with vivacious 
Dr. Forster during his tours with the 
World Metallurgical Conferences 
and they will know what a jolly good 
show he put on. 

In complimenting Prof. Késter on 
the successful Jubilaum, I told him 
in English that it was to be expected 
from an “old pro”. He wanted to 
know what an “old pro” was, and 
I told him that it was an informal 
title earned only after years of ex- 
perience and an extended demon- 
stration of outstanding professional 
competence. Never was the title 
more justly conferred. While the 
Jubilaum honored notable people 
and their contributions, and featured 
a new era in metallurgical science, 
it is best summed up as a well de- 
served tribute to one man — Werner 
Koster. 

Sam L. Hoyt 
Consultant 


European Research Office 
U. S. Department of the Army 


THE ANNEALING OF 
Low CARBON STEEL 


Contains the outstanding papers 
presented at the first international 
symposium on the annealing of 
low carbon steel in Cleveland, 
1957. Insight to recent develop- 
ments here and abroad. Published 
| by Lee Wilson Engineering Com- 
| pany, Inc. 138 pages—8 x 11 — 
_ illustrated, blue cloth cover — 
$7.50. Clip and send to ASM 
Technical and Engineering Book 
Information Service, Metals Park, 
Novelty, Ohio. 


METAL PROGRESS 


j 
| 
| 
| 
| 
: 
146 


FOUR-HIGH REVERSING MILL 
and VERTICAL EDGING MILL 


for SLABS and PLATES 


At Lukens Steel Company, the 140” Four-High 
Reversing Plate Mill and Vertical Edging Mill is an 
unusual installation. Although this mill is operating 
primarily as a slabbing mill to reduce ingots 

into slabs for rolling plates on other mills, it can complete 
the rolling of plates to finished sizes directly. 

The Vertical Edging Mill, largest ever used in tandem 
with a Plate Mill in this country, provides edge rolling 

of the ingot which remains in the horizontal position 
during the complete operation. This installation is 

the major unit which will increase the plate 

rolling capacity at Lukens by 40 per cent. 
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Paul F. Ziegler 


F. Ziecter ©@ has been 
named technical director of Johnston 
& Funk Metallurgical Corp., Hunts- 
ville, Ala. His new responsibilities 
include supervision of all research 
and development programs being 
carried out at the J & F Huntsville 
plant (where the company recently 
‘set up its headquarters, formerly in 
Wooster, Ohio). He will also over- 
see factory operations, but his pri- 
mary concern will be process devel- 
opment and application of molyb- 
denum, tungsten, tantalum, titanium, 
zirconium and other special metals 
in a wide variety of mill shapes. 

A graduate of the University of 
Illinois, he was a metallurgical engi- 
neer with Fansteel Metallurgical 
Corp. in North Chicago, Ill., for the 
past seven years. 


Peter Zouraeff @ is now a form- 
ing engineer with the engineering 
services division of Reynolds Metals 
Co. He was formerly with the com- 
pany’s research and production op- 
erations in Richmond, Va., and 
Phoenix, Ariz. 


Henry T. Magnussen @, for many 
years an official of the Lindberg En- 
gineering Co. and the Lindberg Steel 
Treating Co., Chicago, has been 
named advisor to N. A. Olsen, di- 
rector of the metalworking equip- 
ment division of the Business and 
Defense Services Administration. 
Mr. Magnussen, who recently re- 
signed from Lindberg Steel Treating 
Co. as vice-president and director of 
engineering after 26 years of service, 
will be on temporary duty without 
compensation from the government. 


James H. Hinman @ is now man- 
ager of aluminum industrial sales for 
Revere Copper and Brass Inc. Mr. 
Hinman, who will be located at the 
executive offices in New York, was 
formerly manager of aluminum sales 
for the Dallas division of Revere in 
Chicago. 


Lothrop M. Forbush © has been 
appointed engineer in charge of the 
vehicle development group, General 
Motors Engineer Staff, Warren, 
Mich. He joined the engineering 
staff in 1946 and in 1951 transferred 
to vehicle development where he 
later became assistant engineer in 
charge. 


Otto L. Forchheimer © has been 
appointed manager of the chemistry 
division of Trionics Corp., Madison, 
Wis. Before joining Trionics, Dr. 
Forchheimer was assistant director 
of research at General Abrasive Co. 
and Nilok Chemicals, Inc., Niagara 
Falls, N. Y. 


Ray R. West @, formerly head 
of the control devices section of 
Minneapolis - Honeywell Regulator 
Co., has been named manager of 
the company’s newly created indus- 
trial controls division. 


PER 
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Frank J. Pryatel @ has been pro- 
moted from plant manager of the 
Outboard Motor Div. of the Oliver 
Corp. in Battle Creek, Mich., to di- 
rector of overseas manufacturing 
operation. He will have his head- 
quarters in the company’s main office 
in Chicago. 


Robert L. Sisson @ has been ap- 
pointed general superintendent of 
the Canton and Gambrinus, Ohio, 
bearing factories of Timken Roller 
Bearing Co. Mr. Sisson has been 
with the company since 1937, and 
last held the position of superin- 
tendent of the Gambrinus bearing 
factory. 


Maurice J. Day @ has been named 
to the newly created post of vice- 
president, commercial, for Crucible 
Steel Co. of America, in line with 
the expansion of its sales organiza- 
tion; he will have full responsibility 
for sales management at Crucible. 
Mr. Day joined the company in 1954 
as director of research and develop- 
ment and in 1958 was named to the 
post of vice-president of technology. 


Albert G. Haynes @ is now direc- 
tor of Keeney Research Div., Inc., 
Chicago, a subsidiary of J. H. Ken- 
ney & Co., Inc., where he directs 
manufacturing research and devel- 
opment and special work for govern- 
ment and industry. 


J. G. Holmes @ and S. L. Jackson 
@ have been named assistant man- 
agers in the sales department of 
Union Carbide Metals Co., a divi- 
sion of Union Carbide Corp., New 
York. Mr. Holmes is assistant man- 
ager of the Pittsburgh region while 
Mr. Jackson is assistant manager of 
the eastern region, with headquar- 
ters in Phillipsburg, N. J. 
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an 1 “Old Salt” 


To increase fatigue resistance, endurance limit and to 
fight the corrosive action of the sea, Erie Forge & Steel 
technicians cold roll ship’s tail shafts as illustrated above. 
The life of the forged steel tail shaft is prolonged by cold 
rolling under the propeller and the after bearing. The 
surface toughness thus effected reduces fretting corrosion, 
minimizes pitting, costly failures and the hazard of pro- 
peller loss at sea. 

Cold rolling is applied not only to new shafting but also 
for reconditioning existing ship’s shafts, thus saving size- 
able replacement costs in many instances. 

Designed and built by Erie Forge & Steel engineers, 


the machine cold rolls shafts of any length and up to 30 
inches in diameter. Any desired pressure up to 37,000 
pounds can be exerted by the hardened steel rollers on 
each side of the shaft. 

The Society of Naval Architects and Marine Engineers 
recommends that all ship’s propeller shafts be cold rolled 
as a safety measure. This cold rolling process is approved 
by The Bureau of Ships, United States Navy. 

Another of the special services characteristic of the 
continuing progress in steel improvement at Erie Forge 
& Steel. Let us work with you on your steel forging and 
casting requirements. 


ERIE FORGE & STEEL CORPORATION 


ERIE, 


PENNSYLVANIA 


MEMBER AMERICAN IRON AND STEEL INSTITUTE « 


— 
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Section of die used for making a ceramic component for the electrical appliance 
industry. One half of the dark center portion subjected to wear is made from Ken- 
nametal grade K96 .. . the other half from an “equivalent” competitive carbide. 


By accident... this company found 


There is a difference in CARBIDES 


An accident that broke one section of this die gave Du-Co Ceramics 
Company, Saxonburg, Pa., an excellent opportunity to compare carbides. 
The original die was made from Kennametal grade K96 and had turned 
out 800,000 steatite hooks before the accident. In replacing the broken 
section, an “‘equivalent’”’ competitive carbide was selected. 

After an additional run of 200,000 hooks, the original K96 section of the 
die still showed no sign of undercutting from abrasion. A dull finish was 
the only evidence of wear . . . after 1,000,000 pieces. 

The newer section, however, showed definite undercutting after 200,000 
and Du-Co estimates a total of 500,000 will be its maximum life. 

Chances are an answer to your wear or corrosion problems can be found 
within the wide range of Kennametal compositions. Hammers for grinding 
and pulverizing machines, rolls for cold rolling other metals, gripping 
devices that bite into the hardest steel, pump seals for highly corrosive 
acids, valve parts that resist attacks by acid and abrasive slurries . . . these 
are but a few of the many successful applications of Kennametal com- 
positions, 

And further advances are still being made. Recently developed Grades 
K601 and K701, for example, offer new economies in resistance to corrosion. 
For applications requiring strength at extremely high temperatures (to 
2200°F), the Kentanium* series of hard titanium carbide alloys is un- 
matched. 

For more details contact your Kennametal Representative or write 
KENNAMETAL INnc., Department MP, Latrobe, Pennsylvania. 97236 


*Trademark 


Personals . . . 


John P. Brull @, North American 
Smelting Co., Wilmington, Del., has 
been named vice-president of the 
Aluminum Smelterers Research In- 
stitute, Chicago. 


Harry D. Stone @ has been named 
manager, sales and marketing, for 
the Metals Div. of Kelsey-Hayes Co., 
Utica, N. Y. Mr. Stone was formerly 
sales manager of NRC Equipment 
Corp., Newton, Mass. 


Whitley B. Moore @ retired as 
vice-president in charge of sales of 
Timken Roller Bearing Co., Canton, 
Ohio, after 40 years of service. He 
remains on the board of directors of 
the company. 


Robert F. Mehl @, dean of gradu- 
ate studies and head of the depart- 
ment of metallurgy at Carnegie In- 
stitute of Technology, has been 
granted a leave of absence to take 
a post as a consultant for scientific 
liaison between U. S. Steel Corp.’s 
research organization and various 
universities and research institutes in 
Europe. Dr. Mehl will take up resi- 
dence in Zurich, Switzerland, the 
first of the year. 


Ralph Mason @ has been named 
manager of metal scrap procurement 
and sales of the new Detinning Div. 
of Metal & Thermit Corp., New 
York. 


Charles M. Hammond © and 
Stuart L. Ames @ have been named 
senior research metallurgists at the 
research and development center of 
Allegheny Ludlum Steel Corp., 
Pittsburgh. Dr. Hammond will work 
in alloy development and applied 
research while Dr. Ames will be 
engaged in basic research on zir- 
conium and other special metals. 


John E. Cottier, Jr. ©, district 
sales manager in Los Angeles for 
Jones and Laughlin Steel Corp.’s 
stainless and strip division, has as- 
sumed responsibility for all mill sales 
of the division. John H. Sutton ©, 
formerly in charge of carbon and 
alloy strip sales on the West Coast, 
is assistant sales manager in Los 


Angeles. 


Lawrence P. Fricke @ has been 
named manager of the Milwaukee, 
Wis., district office of Revere Copper 
and Brass Inc. 
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OMETHING NEW, something simple, something 

down-to-earth has been added to the literature 
dealing with the problems of blast cleaning! It is 
a carefully written and carefully documented bro- 
chure on “The Facts of life, concerning the use of 
SHoT AND Grit.”’ This brochure is YOURS FOR 
THE ASKING. If you like a restrained, friendly and 
completely honest appraisal of the blast cleaning 
problem, this booklet is for you. 

The brochure is divided into five sections: 1, 
blast cleaning functions and materials . . . a frank 
appraisal of the problems as a whole; 2, progress 
and research achievements in the manufacture of 
shot and grit, with a quick look into the future; 


Exclusive West Coast 
Subdistributors 


BRUMLEY-DONALDSON 
COMPANY 


Los Angeles - 


Sold Exclusively by 


HICKMAN, WILLIAMS 
& COMPANY (Inc.) 


Chicago - Detroit - Cincinnati 
- St. Louis - New York - Cleve- 
land - Philadelphia - Pitts- 
burgh - Indianapolis 


Oakland 


3, housekeeping practices, an area completely un- 
der your control; 4, proofs, if you’re from Mis- 
souri, how facts and figures support our state- 
ments; and 5, a suggestion on how to take action, 
without committing yourself. 

Sure, we have an axe to grind . . . we'd like to 
sell you our shot and grit. Or, to put it another 
way, we'd like to have you BUY our shot and 
grit, because you are convinced they will do the 
best job. But whether you buy our products or 
whether you don’t, the wealth of practical in- 
formation in this brochure will prove to be useful 
and interesting and we'd like for you to have a 
copy. Fair enough? 


YOURS 


FOR THE ASKING! 


National Metal Abrasive Company 


3560 Norton Road «+ Cleveland 11, Ohio 


OK! Send me a copy... FREE! 


Company 
Address... 


JANUARY 1960 
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Analyzing for metallic elements 
day-in-day-out ? 


HERE'S HOW TO CUT ANALYSIS TIME 
TO 2 MINUTES PER SAMPLE... 


Atomcounter 


DIRECT READING SPECTROMETER 


With an Atomcounter, you can detect up to 30 metallic elements 
simultaneously and read individual concentrations from dials — all 
within two minutes. For metal producers, here’s analyiical speed made 
to order for controlling production alloys, checking material “spec” 
conformance. For research or commercial labs, here’s analytical speed 
to keep the endless volume of routine samples flowing smoothly. 

Wherever profits and efficiency are keyed to speed of analytical results. 
Atomcounter two-minute analysis gives you more time to accomplish 
more ... handles more samples every hour .. . ends delay and drudgery. 


With an Atomcounter in your lab, high speed routine analysis becomes 
a simple, foolproof operation, easily mastered by any technician. And 
Atomcounter owners are assured of maximum dividends right from 
the start, for Jarrell-Ash engineers will tailor an instrument to your 
specific application, handle complete installation, and train your per- 
sonnel thoroughly in Atomcounter operation and maintenance — all 
without extra charge. 

If youre concerned with routine analyses of metals, alloys, slags, ores, 
lubricating oils (for wear metals and additives), soils, biological plant 
ash, etc., invite a Jarrell-Ash analytical methods engineer to perform 
a comparative time-study right in your own lab. No obligation, of 
course, and chances are you'll be amazed at the findings. 


NOW AVAILABLE WITH OPTIONAL CAMERA FOR EVEN GREATER VERSATILITY: 


Lets Atomcounter double as photographic spectrograph — ideal where flow of routine 
analyses is interrupted occasionally for an ‘odd sample”’ or research problem requiring 
photographic methods. 


JARRELL-ASH COMPANY 


22 Farwell Street, Newtonville 60, Massachusetts 
San Mateo, Calif. + Costa Mesa, Calif. + Dallas, Texas Chicago, III. 
Detroit, Mich. * Atlanta, Georgia * Pittsburgh, Penna. » New Brunswick, N. J. 
CANADA: Technical Service Laboratories, Toronto, Ontario 


Jarrell 


| MERELY JARRELL-ASH CO., 22 Farwell Street, Newtonville 60, Massachusetts 

; SIGN AND We're interested in learning firsthand how we can profit by high-speed Atomcounter analysis, ; 
i CLIP TO Please have your analytical methods engineer contact the undersigned. | 
J 
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Personals . . . 


Don Hunter @ is now group 
leader in the nondestructive testing 
group of the quality division, Martin 
Co., Baltimore, Md. 


Robert E. Lafferty @ has been 
transferred from the San Francisco 
Bay area as sales representative 
of Lindberg Engineering Co. to 
Downey, Calif., as service manager 
for 11 western states. 


Peter F. Young @, who formerly 
worked on materials development 
for the Titan and Polaris programs 
at the Sacramento plant of Aerojet- 
General, is now engaged in work on 
development of materials technology 
for liquid metal heat transfer sys- 
tems and high-temperature uranium 
alloy fuel materials for specialized 
nuclear reactors at the Aerojet Gen- 
eral California Nucleonics plant in 
San Ramon. 


Howard F. Barton @ was recently 
elected vice-president in charge of 


sales and a director of the Stanley 
P. Rockwell Co. 


John L. Scarry @ has joined A. 
M. Byers Co., Pittsburgh, as general 
superintendent of the Byers plant 
in Ambridge, Pa. He was formerly 
employed by U. S. Steel for 19 years, 
most recently as superintendent of 
steel producing at the Edgar Thom- 
son Works. 


A. D. Zar @ has been promoted 
to manager of the Detroit district 
sales office of the Babcock & Wilcox 
Co.’s tubular products division. His 
prior position was as the division’s 
sales representative in the Milwau- 
kee, Wis., district office. 


Jack E. Morris @, formerly direc- 
tor of product development for Jones 
& Laughlin Steel Corp., Pittsburgh, 
has been appointed general manager 
of the relocated container division of 
the company. 


William W. Sieg @, president, 
Titan Metal Mfg. Co., Bellefonte, 
Pa., a division of Cerro de Pasco 
Corp., was awarded the “Professional 
Manager Citation” by the Central 
Pennsylvania Chapter, Society for 
the Advancement of Management. 


W. H. Bokum @ has been elected 
a partner of Cresap, McCormick and 
Paget, management consultants, in 
New York City. 
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STRAIGHT WIRE 


in precision-cut lengths up 


® 
ee A quick-loading reel is designed to facilitate ac- 
i u curate starting of wire coils into chain feed... 
* and to protect the operator from the revolving 


pay-off coil. 


/ 


MOTOMATIC 


Wire Straightening and Cutting Machine 


. Features electric variable speed drive, with full : “ “o 
range speed control at operator’s station . . . adjust- 
able center straightener arbor that accommodates = — 
wide range of wire sizes . . . caterpillar chain feed 

. which eliminates twist and processes entire coil, end- 
to-end .. . and an accurately synchronized flying 
shear cut-off. Keeps scrap to minimum . . . reduces 
labor, time and fatigue . . . and delivers uniform 
diameter and precision-cut lengths of straight wire. 
@ Full details in Bulletin 751—write for your copy. 
Consultation and quotations gladly provided on 


request. The caterpillar chain feed grips wire firmly with- 


The VAUGHN MACHINERY COMPANY out distortion, eliminating twist... and feeds the 


entire coil ends through the machine, saving wire 
CUYAHOGA FALLS, OHIO, U.S.A. scrap and operator time. 


COMPLETE COLD DRAWING EQUIPMENT . . . Continuous or 
Single Hole ... for the Largest Bars and Tubes . . for the 
Smallest Wire ... Ferrous, Non-Ferrous Materials or their 
Alloys. 


SS ~ . 
| to 300, teet per minute 


Metal Conference 
in Germany 


Notes taken at the annual 
meeting of the Deutsche Gesell- 
schaft fiir Metallkunde, Wiirz- 
burg, Germany, May 29 to 31, 
1959. 


AttHoucH “Properties of Metals at 

Low Temperatures” was the 
main theme of the annual meeting of 
the Deutsche Gesellschaft fiir Metall- 
kunde, the topics discussed encom- 
passed many phases of physical 
metallurgy. After the formal open- 
ing by the president of the society, 
Dr. W. Deisinger, E. Justi presented 
a paper entitled “Properties of Metals 
and Alloys at Low Temperatures”. 
In a systematic fashion, he discussed 
the theories underlying electrical 
and thermal conductivities of metals. 
Continuing with the factors under- 
lying the galvano-magnetic effect, 
he rounded up a presentation in- 
tended as a theoretical and con- 
ceptual background to the ensuing 
talks. 

The next speaker was W. Buckel 
who followed with “New Develop- 
ments in Superconductivity”. This 
phenomenon was discovered in 1911 
by H. Onnes who observed that 
mercury lost its resistivity below 
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... Interpretative Reports of World-Wide Developments 


4.2°K.* By 1926 Onnes had 
found 23 superconductive elements 
with transition temperatures from 
0.35° K. for hafnium up to 11.2° K. 
for technetium. Some compounds 
have even higher transition temper- 
atures. For example, columbium 
hydride has a transition temperature 
over 20°K. He showed that the 
alkali and the alkaline earth metals 
(as well as gold, silver and copper) 
do not exhibit superconductivity, 
and that in resistivity the supercon- 
ductive and normal states differ by 
a factor as much as 10.2. Other ad- 
vances followed, and today about 
180 superconductive alloys and com- 
pounds are known. In the future, 
there are possibilities for construc- 
tion of galvanometers which can 
measure potentials as low as 101? v., 
and computer memory devices 
capable of switching velocities of 
10° to 10° sec. through use of 
superconductivity. 

The third speaker, R. Hilsch, re- 
ported on some interesting new thin 
film research. Through a special 
technique, it is now possible to de- 
posit thin metal films on surfaces 
cooled with liquid helium. As one 


*This stands for “° Kelvin”. In 
this scale, 0° is absolute zero 
(—273° C. or —4599 F.). To get the 
temperature in Kelvin degrees, add 
273 to the temperature in Celcius 
(centigrade) degrees. 


goes to lower and lower tempera- 
tures at which these thin layers are 
deposited, the residual resistivity of 
the metal increases while the X-ray 
diffraction lines broaden consider- 
ably. In bismuth between 2 and 
14°K., very diffuse lines are ob- 
served. This may be due to particle 
size of about 20 A or an amorphous 
liqvid-like layer. Between 20 and 
300° K., lines are extremely sharp. 
Gallium at 4° K. has an amorphous 
structure, at 15°K. a crystalline 
layer, between 20 and 55° K. a dif- 
ferent crystal lattice, and between 
85 and 273° K. the normal galium 
lattice is observed. This strange 
behavior is not restricted to metals 
exclusively; similar observations can 
be made on nonmetals. This tech- 
nique is also suitable for studying 
alloy thin films since almost any 
metal can be alloyed by this method. 
In this fashion, one can produce 
amorphous structures in metals 
which are usually crystalline. 

The second session was begun by 
a guest speaker from Holland, I. 
Druyvesteyn, who spoke on recovery 
after cold work, and discussed re- 
cent experiments dealing with cold 
worked and irradiated material. He 
showed that recovery is a stepwise 
process where the steps are temper- 
ature dependent and governed by 
the activation energies for motion of 
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The Prime Mover Company, 
manufacturer of materials 
handling equipment, says: 


Our “Prime Movers” 
give these 6 parts a 


terrific beating...that’s 


why they’re made of 
LaSalle 


STEEL. BARS 


Worm Shaft, 114” 


with 


Withovt Heat 


Engineers of the Prime Mover Company, Mus- 
catine, lowa, demanded the most dependable steel 
bars available for six important parts of their 
transmission assembly. Here are some of the 
reasons they specified STRESSPROOF! 


You don’t have to heat treat STRESSPROOF! There’s 
no heat treat distortion. 


STRESSPROOF is strong . ... 100,000 psi. 
It machines faster . . . at 83% the speed of B1112. 


It wears better without case hardening . 

placing .40 carbon alloy steels and other heat 
treated and alloy steels, such as 8640, 4140, 
C1045, C1141, and C1137. 


It costs less than heat treated in-the-bar alloys. 


Driving Axle, 


Shifting Shaft, 4” 


Use this coupon to request technical bulletin announcing improvements in LaSalle strEssPRooF Steel Bars...with copper. 


Reverse Pinion, 3” Bearing Carrier 


Clutch Throwout, 


Name 


1424 150th Street 
Li Salle STEEL CO. Hammond, Indiana 


Please send technical ee. | Title 


bulletin "Today's 


Improved LaSalle eer Company 
STRESSPROOF Steel | 


Bars...with Copper." 


City 


JANUARY 1960 


% 
| 
4 
J 
| 
} 
: | 
| 
| 
" | 
| 
= 


Vacuum Crucible... 


ee 
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WHAT DOES QUALITY MEAN IN LESS “DOWN TIME,” 
ADDED “PRODUCTION” AND “SAFETY” 
AND HOW DOES ZAK GET IT? 


COPPER WELDED 
JOINTS 

First of all, we know that 
with copper weld construc- 
tion of vacuum crucibles or 
ingot molds, strength, thus 
quality, is built in far in ex- 
cess of that obtained from 
obsolete methods of bonding 
copper to copper, copper to 
steel, copper to stainless. This 
strength gives added safety 
and protection through the 
ability of our products to 
withstand higher tempera- 
tures. 


“IN PLANT” TEST- 
ING FOR QUALITY 
Secondly, all of our cruci- 
bles are “in plant” tested 
for pump down and leak 
rate, measured in microns 
and certification of the test 
is issued with delivery. 
ZAK QUALITY 
CRUCIBLES 

Give longer life; less “down 
time”; safety and protection 
under production schedules 
that “break down” ordinary 
crucibles. 


QUOT! 
Check with us before you 
order. Vacuum equipment 
for special applications in 
melting, annealing, proc- 
essing. Vacuum furnaces. 


“Engineering Manufacturers For Industry” 


| MACHINE WORKS, INC. 


Ingot J Mold... Quality... 


Metal Conference . . . 


the imperfection. Fraenkel defects, 
lattice vacancies, dislocation, and 
finally recrystallization are respon- 
sible for the respective steps. Dis- 
cussed also were the complicating 
effects that alloys introduce. Other 
properties such as thermo-electricity, 
internal friction, and stored energy 
are also affected during the recov- 
ery process. 

Next, A. Kochendorfer dealt with 
the strength and changes of metal 
properties at low temperature. Start- 
ing with theory of elasticity consid- 
erations, he concentrated on low- 
temperature embrittlement of metals. 
Strength of metals and alloys, the 
meaning of single-crystal behavior, 
reasons for the occurence of brittle 
fracture and the extent of the em- 
brittlement, aging, notch sensitivity, 
the role of flow processes, and the 
reliability of laboratory results for 
field application were all covered. 

This discussion on low-tempera- 
ture properties was ended by A. 
Barth whose paper showed some 
ways and means to provide materials 
which could meet the stringent needs 
of low-temperature technology. 

The last two talks in this session 
were devoted to precipitation prob- 
lems. H. Jagodzinski presented an 
interesting paper titled “On the X- 
ray Diffraction and Thermodynamics 
of Precipitation”. Statistical methods 
(like the Monte Carlo method, for 
example) can be used to gain an 
insight into the problem of precipi- 
tation. He also pointed out that 
changes in the X-ray diffraction data 
in the vicinity of the critical tem- 
perature cannot unreservedly be in- 
terpreted as evidence for segrega- 
tion of the precipitating phase. 

The session concluded with V. 
Gerold’s report on X-ray investiga- 
tions of precipitation phenomena in 
supersaturated solid solutions. After 
discussing the ways in which parent 
lattice and changes in segregation 
species affect X-ray diffraction char- 
acteristics, he proceeded to show the 
species which will be precipitated in 
Al-Cu, Al-Mg-Cu, Al-Mg-Zn and 
Mg-Pb systems. Also, in the Al-Ag 
system the state of affairs is quite 
different because of extremely small 
lattice stresses which occur when the 
second phase precipitates. The 
growth kinetics of the precipitation 
phenomena in this system were also 
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One of a series 


Resolving the driver-car-road complex 


The manner in which vehicles follow each other on a highway 

is a current subject of theoretical investigation at the General Motors 
Research Laboratories. These studies in traffic dynamics, coupled with 
controlled experiments, are leading to new “follow-the-leader” 


models of vehicle interaction. 


For example, conditions have been derived for the 

stability of a chain of moving vehicles when the velocity of the 

lead car suddenly changes — a type of perturbation that has 

caused multiple collisions on modern superhighways. Theoretical analysis 
shows that the motion of a chain of cars can be stable when 

a driver accelerates in proportion to the relative velocity between his car 
and the car ahead. The motion is always unstable when the acceleration 

is proportional only to the relative distance between cars. 
Experimentally, GM Research scientists found that a driver does 

react mainly to relative velocity rather than to relative distance, 


with a sensitivity of reaction that increases with decreasing distance. 


Traffic dynamics research such as this is adding to 
our understanding of intricate traffic problems — what causes them, 
how they can best be resolved. The study is an example of the ways GM 


Research works to make transportation of the future more efficient and safe. 


General Motors Research Laboratories 
Warren, Michigan 


Car No. 
10 


9 __|399 
8 


Collision 


Relative positions of 10 hypothetical cars 
after lead car goes through maneuver. 
Amplitude of instability increases, resulting 
in a collision between 7th and 8th cars. 


Relative distance in feet 


Time in seconds 


| 
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Columbium 


makes possible 


this unique 


new 


fine-grained 


carbon steel 
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th the steel you use 


Compare fine-grained GLX 


For proof on how GLX-W can cut your production 
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Great Lakes adds a precise amount of columbium 


ion, 


hone Great Lakes Steel Corporat 


Product Development D 


wire or p 


ite, 


, wri 


costs 


fine-gra 


is 


good-quality carbon steel. The result 


Department BW. 


LAKES STEEL 


ivision, 


e GLX-W is 50-100% stronger 


e Has greater notch toughness 
e Has excellent weldability 


29, Michigan 


e Is as ductile as other carbon steels 


e Permits designers to reduce weight up to 35%. 


‘NATIONAL STEEL CORPORATION 


Great Lakes Steel is a Div 
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For greater ease in aluminum drawing 


ask Oakite 


OVER 50 YEARS CLEANING EXPERIENCE « OVER 250 SERVICE MEN » OVER 160 MATERIALS 


Oakite DRAW CLEAN “M” gives 
smooth drawing of aluminum 
—cleans off fast 


Using Oakite DRAW CLEAN “M” lubricant means a lower reject 
rate on drawing and forming aluminum. Reason: It clings to metal 
so tenaciously that pressures of 40 thousand psi, encountered in 
drawing and punching cannot wipe it off. The thinnest film will 
prevent seizure that leads to build-up, galling, and scratching. 

All ingredients are soluble and, at annealing temperatures, 
volatile. This means that while it clings where most compounds 
wipe off, nevertheless, it is most easy to remove when necessary. 
And the residue, if left on, is not harmful to metal or personnel. 

Oakite DRAW CLEAN “M” lubricant offers astonishing savings. 
By diluting with water in ratios as high as 1 to 9 it extends die life 
three times the previous experience. Miscible with both water and 
oil, it is adaptable to any of the following: 


light stamping stretch forming tapping 
deep drawing tube bending spinning 
cold heading wet grinding punching 


Oakite Bulletin F-10393 tells you the whole story. For your free 
copy ask your Oakite man or write Oakite Products, Inc., 45B Rector 
Street, New York 6, N. Y. 


it PAYS to ask Oakite 
OAKITE. 


‘years’ leadership in industrial cleaning 


in Principal Cities of U S. and Canada 


Metal Conference . . . 


studied in the 100 to 250°C, (212 
to 480° F.) range. 

The question of formation and 
disappearance of vacancies in metal- 
lic lattices occupied the attention of 
H. Wever. The author interpreted 
processes such as local deformation, 
building of crystallographic ori- 
ented surfaces and void formation 
in samples. 

This talk was followed by an in- 
teresting presentation on “Slip Lines 
and Kink Bands in Copper Crystals”, 
by S. Mader. An electron micro- 
scopic study demonstrated that cop- 
per crystals deform in three stages. 
In the first stage, fine slip lines (some 
as long as 100 microns with a step 
height of about 12 atom distances) 
are uniformly distributed. Secondly, 
there appears a textured structure 
with slip nonuniformly distributed. 
Step height is about 20 atom dis- 
tances. Finally, slip lines bunch up 
into deformation bands with cross 
slip taking place within these bands. 
Frequency of cross slip increases 
deformation. Ali results were inter- 
preted in terms of dislocation theory. 

J. Geisler and W. Dahl discussed 
the influence of impurities on re- 
covery and recrystallization of 99.999 
copper. Nickel, aluminum, silicon, 
bismuth, silver and tin additions in 
concentrations from 0.01 and 0.1 as 
well as 3 to 5 at.% were investi- 
gated. Recovery and recrystalliza- 
tion progress was followed by X-ray 
diffraction and hardness measure- 
ments. These studies indicated that 
copper behaved unlike aluminum. 
To conclude the talk, an atempt to 
reconcile these differences was made. 

Next, B. Liebmann discussed the 
influence of thermal treatment on the 
preferred orientation of commercial 
aluminum. He pointed out that 
there was no preferred orientation 
when iron was in solid solution in 
aluminum. However, when iron is 
segregated, preferred orientation is 
observed. These findings show rea- 
sons for past disagreements in the 
literature. Then, R. Reinbach spoke 
on the recrystallization of titanium, 
and the role of alloy additions in the 
process. They act to increase re- 
crystallization temperature. 


Phase Diagrams 
The next two sessions were ini- 


tiated with a paper by H. Diergar- 
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1800 2200 


Boring into the Heat Barrier 


| high centrifugal forces, plus prolonged operation well 
above 1700 deg. F.! That’s the achievement of thousands 
of jet engine turbine wheels and blades investment-cast of HAYNES 
high-temperature alloys. 

Resistance to stress, to thermal shock, to erosion, corrosion, 
and to fatigue are typical properties that make these alloys 
so extremely useful in many of the hot spots in today’s jet engines, 


ramjets, missiles, and rockets. 
Whether investment- or sand-cast, wrought, vacuum melted, or air 
melted, there’s a HAYNEs high-temperature alloy to meet your needs, 


Heat-treating facilities are part of the 

complete metallurgical services avail- HAYNES STELLITE COMPANY 

able at Haynes Stellite Company. 

‘ Division of Union Carbide Corporation 
Kokomo, Indiana 


Address inquiries to Haynes Stellite Company, 420 Lexington Avenue, New York 17, N. Y. 


“Haynes” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 
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LABORATORY FURK 


_ temperature range to 


A versatile laboratory fur- 
nace for reliable operation 
from the lowest to the high- 
est temperatures. 

From 600° F. to 2000° F., 
use for ashing, drawing, ig- 
niting and tempering, above 
2000° F., for sintering, melt- 
ing, clinkering, fusing and 
high-speed hardening. 


AUTOMATIC 
TEMPERATURE CONTROL 


SPACIOUS ACCESSIBLE 
HEATING CHAMBER 


RAPID HEATING 
MINIMUM HEAT LOSS 


OPENS FROM FRONT 
FOR QUICK SERVICING 


a BURRELL BOX-MUFFLE TYPE 
FURNACE, Model 30 
. Heating chamber 7” wide x 814” deep 1 
x 4” high. For use with 230 volt, 50-60 
cycle, single phase power supply, or 
with automatic controller for 115 volt, 
50-60 cycle, single phase. 
Burrell Cat. No. 37-442 . . . . $1500. 
F.0.B. Pittsburgh, Pa. 
Ask for Bulletin No. 315 te 


BURRELL CORPORATION 
bh Scientific Instruments and Laboratory Supplies 
2223 FIFTH AVENUE, PITTSBURGH 19, PA. 


Metal Conference . . . 


ten and G. Lucas on the behavior 
of eutectoid steel after annealing in 
the 200 to 300° C. (400 to 575° F.) 
range. The authors attempt to show 
that certeia we=k sites were devel- 
oped in the steel; his accounted for 
scatter observed in the specimens 
tested. 

Following this, L. Graf presented 
a new theory attempting to explain 
the stress-corrosion cracking of alpha 
brass. He seems to combine his 
recently advanced alloy effect with 
electrochemical considerations. 

He was followed by M. Otter on 
the oxidation of spherical nickel 
crystals. The crystallography of the 
process and the observed equiaxial 
relationships were clearly presented. 

The results of a motion-picture 
study of electron diffraction (applied 
by W. Prinz) on the Ag-I and Ag-Cd 
systems were next shown. As a 
novel approach to phase diagram 
studies, this technique employs thin 
layers of the desired alloys. Heat 
treatments are conducted in the 
electron diffraction apparatus while 
data from the specimen are simul- 
taneously recorded. 

This was followed by H. J. Schiil- 
ler and P. Schwaab who discussed 
thin films of Cr-Fe (30, 45 and 60% 
Cr) and Cr-Ni (55, 75 and 85% Cr). 
The authors were able to prove that 
the sigma phase existed down to 
300° C. (575° F.) in the first system, 
and in the 400 to 700°C. (750 to 
1300° F.) range in the second. 

The next paper was “Constitution 
and Properties of Zr-Pd Alloys”, by 
K. Anderko and H. W. Schleicher. 
For pressurized water vapor attack, 
alloys containing from 0.2 to 3.0% 
Pd showed best behavior. 

The last session, on property 
measurements, included five speak- 
ers. To begin it, G. Reinacher re- 
ported on short time testing of plati- 
num and platinum-iridium alloys. 
Data were obtained with a specially 
devised hot stage microscope in 
which the specimen could be ob- 
served microscopically up to 1200 
to 1300° C. (2200 to 2375° F.) while 
under load. 

The last speaker of the meeting 
was Forster who gave two papers. 
In the first, he discussed electronic 
methods for measuring elastic moduli 
with great sensitivity; these, accord- 
ing to him, are useful for study- 
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This is 
Simplicity in 
multi-point 
recording 


from 2 to 24 points 


Simplicity is the keynote in the new 
Daystrom-Weston Model 6702 multi- 
point recorder — simplicity in both 
design and performance. 

Open the door and you see the ad- 
vantages of the Daystrom-Weston 
famous unitized design — no jungle 
of wires, no hard-to-get-at areas... 
every component related in the sim- 
plest, most serviceable, most efficient 
way. 

Interchangeability is easier than 
ever — from one number of points to 
another ... one range to another... 
one chart speed to another. You need 
only a change plug and newly-com- 


in a single instrument 


bined station indicator and rp inting 
wheel — two units instead of three. 

The remarkable Daystrom-Weston 
D-PAK®, solid state Constant Cur- 
rent Source, eliminates batteries, 
standard cells, standardizing mech- 
anisms ... and their maintenance! 

You also get all the advantages of 
the full Daystrom-Weston potenti- 
ometer line —long-term reliability 

. high resistance to shock and 
vibration . . . maximum flexibility 
(recorder-controller “packages”, in- 
cluding panels and accessories, can 
be suited to your specific applica- 
tion). 


You get all this, yet a single in- 
strument handling from 2 to 24 
points costs 15% less than the aver- 
age multi-point! And it can readily 
be converted toa single-point, curve- 
drawing instrument by means of a 
pen accessory. 

For further information, contact 
your local Weston representative . 
or write to Daystrom-Weston Sales 
Division, Newark 12, N. J. In Can- 
ada: Daystrom Ltd., 840 Caledonia 
Rd., Toronto 19, Ont. Export: Day- 
strom Int’l., 100 Empire St., Newark 
J. 


DAYSTROM-WESTON INDUSTRIAL INSTRUMENTS in- 
clude a full tine of recording and controlling potentiom- 
eters with strip and circular charts; mechanical recorders 
and indicators for pressure, ternperature and flow; and 
non-indicating corntroflers, both electric and pneumatic. 
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B&L Research Photomicro- 


graph of 0.25%, Carbon 
Steel, reduced from 
Original Magnification 
of 500x. 


That’s YOUR Baby 


Bausch & Lomb Research 
Metallograph. 


BAUSCH 6 LOMB 


You approved that hunk of steel 
when it was just a small laboratory 
sample. And chances are, you used 
a Bausch & Lomb Research Metal- 
lograph. 

With it, you make rapid, confi- 
dent decisions because you see or 
photograph today’s clearest images 
with instant choice of bright field, 
dark field, phase contrast, or polar- 
ized light. That’s why the B&L Re- 
search is the modern metallurgical 
standard. 

Mail coupon for complete de- 
tails; demonstration on request. No 
obligation, of course. 


BAUSCH & LOMB OPTICAL CO. | 
84901 Bausch St., Rochester 2, N. Y. | 
Please send Catalog E-240. 
() Please arrange demonstration at my conven- I 
ience. 


Metal Conference . . . 


ing various physical metallurgy 
processes associated with modulus 
changes. In this second paper, he 
reported on instruments which could 
measure permeability with great 
accuracy. Commercial equipment 
enables the detection of ferrite in 
very small amounts. 

The reporter wishes to emphasize 
that one can but skim over the con- 
tents of most papers in the space 
allowed. It is, however, hoped that 
these brief references will be enough 
to interest readers working in simi- 
lar fields to get in touch with the 
parties* concerned for more detailed . 
and worthwhile information. 
R. BakisH 


Electropolishing 


Digest of ‘The Mechanism of 
Polishing”, by K. F. Lorking, 
Journal, Australian Institute of 
Metals, May 1959, p. 22-26. 


& 


T° BE MIRRORLIKE, a metal surface 

must have both microsmoothness 
and macrosmoothness. Micro- 
irregularities scatter incident visible 
light at a small angle so that a sur- 
face appears dull. A microsmooth, 
but macrorough surface, is brilliant 
to the eye, because all the incident 
light is reflected at a large angle to 
the surface. The sharpness of image 
definition is determined by the de- 
gree of macrosmoothness. 

Electropolishing readily micro- 
smoothens a surface. However, the 
degree of macroroughness deter- 
mines whether a practical amount of 
electropolishing can convert a 
macrorough surface to a macro- 
smooth surface. 

The author proposes different 
mechanisms for micro-electropolish- 
ing and macro-electropolishing. For 
either action to take place, high spots 
must dissolve preferentially. In both 
actions, cation formation (transfer - 
of metallic atoms from metal lattice 
to become ions in solution) must be 
controlled. The macro-electropolish- 
ing required takes place on too large 


*EpiToR’s NOTE: Dr. Bakish also 
sent a directory which includes the 
names and addresses of all speakers. 
Since space is limited in the digest 
section, these were not included. 
However, Metal Progress will gladly 
furnish any of these listed addresses 
if desired. 
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TOCCO Induction Heating 
unit and SWIFT-OHIO 
press mechanism work 
together for better, flashe 
free buttwelding of 

pipe and tubing. 


Now, in less than a minute you can get flash-free, 
smooth joints on any size pipe, regardless of its 
diameter or wall thickness. 

Conventional buttwelding methods produce 
strong, sound joints but leave a brittle flash in- 
side or outside the pipe. Inside flash can seriously 
impede fluid flow. Particularly on long lengths 
of pipe, removal of this inside flash is a real 
production headache—time consuming and 
expensive. 

Whether your production bottleneck involves 
buttwelding, soldering, brazing, heat treating or 
forging, it pays you to investigate TOCCO as an 
economical way to do it better, faster and at 
lower cost. 


Mail Coupon Today— Suet: 
The Ohic Crankshaft Co. * Dept. R-1, Cleveland 5, Ohie 


Please send reprint of article from STEEL Magazine entitled “Buttwelder Leaves 
Wo Flash”. 
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Speedy Buttwelding 
ay That Leaves No Flash — | 
TOCGE 
“| . THE OHIO CRANKSHAFT COMPANY 


Electropolishing . . . = 
a scale for control by reactions right 5 _— T 
at the electrode surface. Diffusion of 
cations away from the surface is & 800 Matt Se re 
proposed as the process limiting the Surface | 
current and thus limiting the forma- 3 600F—~ Thick Thin i r Film of 1) T 
tion of cations or rate of metal Oxide f Adsorbed | Oxygen Evolution 
2 400 bt Film Film Atoms Micropolishing 
Macrosmoothing results when the | | Pitted Surface 
film at the anode surface such that = Etching) Polishing Polishing - Polishing 
the concentration of cations is high G | | | | | 
in the film. The film is thinner at os 2.3 
projections on the surface, resulting Anode Potential, Volts ia 
in more rapid diffusion of cations at (Saturated Calomel Electrode) 


these points; metal dissolution is 
more rapid from projections than 
from recesses, and thus macro- 
smoothing results from the prefer- 
ential solution of the high spots. 


Fig. 1— Anode Potential-Current Density Relationships on 
Horizontal Copper Anode. Note that polishing occurs in the 
region of gas evolution, as well as in the nongassing region 


Lorking proposes this mechanism _limiting current density decreases of the cation at the anode surface, , 
on the basis of data for electropolish- over the concave areas of the sur- c, the cation concentration in the 
ing copper in phosphoric acid solu- face where the copper-rich solution _ bulk of the electropolishing bath, 5 
tion. Phosphoric acid is relatively tends to accumulate. the thickness of the anode film, 7 the 
viscous and becomes more so as dis- The limiting current density is viscosity of the anode film, and Z 
solved copper concentration in- given by: and k constants. | 
creases. This condition increases = kZe,/8-0 (c,, This equation shows that as dis- 


the smoothing efficiency, because the _ where c, is the limiting concentration solved metal increases toward c,, 
its maximum concentration, the cur- 
rent density decreases and metal 
removal decreases. On the high 
spots of the surface, diffusion through 


To Be Su re seen Choose the thinner film is more rapid, and 


concentration of dissolved metal 

(cations) is farther from c,. More 
metal removal is greater and smooth- 
ing results. 

Ultimately, the high spots are 
lowered to a point where film thick- 
ness over them is negligibly differ- 
ent from that over the concave areas. 
Then, diffusion of cations (dissolved 
metal) away from the surface is so 
nearly the same at all areas that the 
current density is the same at all 
areas. Microhigh spots cannot be 
selectively dissolved, because of dif- 
ferences in cation concentration - 
gradient. Therefore, micropolishing 
involves a different mechanism for 


Solve your thermowell problems! 
Temperature, Environment, Installation. 


Choose from over 5700 standard designs. You have a complete selection of materials to preferential solution of microhigh F : 
withstand oxidation, reduction, high temperature, chemical corrosion, and mechanical spots because of differences in diffu- " 
and thermal shock conditions. Bar-stock and built-up wells are available with your sion rates of cations from the anode 4 
choice of mounting flanges and bushings. Many types in stock. surface. 2 
All wells are pressure tested to 3000 psi. X-rays can be furnished when required. Lorking proposes that micro- 

Send today for your Thermowell Catalog and Materials smoothing results from variation in 


the density of packing of polar mole- 
cule chains oriented by and held to 
Th El i. the anode surface by its electrical 
harge. This film thickness is the 

er. m «. same order as the height of micro- 
irregularities. The polar chains are 


Application Guide, E-16 


SADDLE BROOK, NEW JERSEY Ont. 
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BRAZING 
FURNACES 


are specifically to meet 


BOX TYPE BRAZING 
used for medium temperature 
brazing up to 2100°F. Movable 
loading rack at front of fur- 
nace aligns with furnace 
hearth during toading and 
automatically retracts, clear- 
ing area for door to close. Has integral at- 


ELECTRONIC water-jacketed cooling 
MANUFACTURERS 


the critical requirements of 


DOUBLE ELEVATOR 
— for brazing Klystron tubes. 
In this two station, one fur- 
nace system, hydraulic rams 
alternately raise and lower 
work into retort and 
through water-jacketed | 
chamber. Furnace temperatures maintain 
by multiple zone control system. 


he close tolerances demanded today in 
the design and manufacture of elec- 
tronic parts in order to make them smaller 
and more heat resistant — have called for 
new concepts in furnace design. Faster 
handling methods, automatic controls and 
consistently even heats — have required the 

design and construction of a wide variety of te 
furnaces to meet the varied and special extremely high purity atmosphere. 

needs of the electronics industry. 


FULL RETORT 


DU-AL for laboratory and 
research use. Also excellent as 
production unit. Design in- 
cludes separated purge, heat- 
ing and water-jacketed cooling 


HEATED TUBE provides 
rapid heating by utilizing retort 
as heating element. Goes from 
ambient to 2200°F. in 12 min- 
utes! Water-jacketed cooling 
chamber located at discharge 
for fast cooling cycles. No exposed brick- 
work allows use of inert or reducing 
atmospheres. 


In every installation, Pacific Scientific Fur- 
naces have proved to be practical, fast, flexi- 


ble-and completely efficient! 


CONVEYOR 
BRAZING shown here 
being loaded with wave guide 
assemblies for silver alloy 
brazing. Design provides for 
preheating of parts prior to 
; entering brazing chamber. 
Multiple zone control for precise tempera- 
tures. Suitable for use with atmosphere. 


WHATEVER your 
—or production requirements — a Pacific 
field engineer will be glad to discuss it 
with you. Write or call today! 


PACIFIC SCIENTIFIC COMPANY - P. 0. Box 22019, Los Angeles 22, Calif. 


[Please send me in- () Flease send me [) Please send me a copy of 
formation on custom your FREE Brazing our new catalog and full 
designed furnaces Catalog nformation on Pacific 

Heat Treating Equipment ! 


ANGELES 


SAN FRANCISCO. 
Name 
CREATIVE DEVELOPMENT PORT LANG Company ise. 
AND MANUFACTURING ARLINGTON. TEXAS 


IN FURNACE DESIGN 


City 


JANUARY 1960 167 


p | | 
A 
\ 
GAS OR ELECTRIC INDUSTRIAL HEAT TREATING EQUIPMENT 
PACIFIC SCIENTIFIG COMPANY 


HOW BEAT THE HEAT 


for strong high alloy 
requirements in the 
1,800° to 2,300° F range! 


*Covered by U.S. Patents 


casting alloy 


Duraloy “HOM” is a special high nickel 
alloy developed to produce castings 
that meet high temperature 
requirements, especially when castings 
are subject to oxidizing atmospheres. 


15,000 1500 
10,000 1000 
DESIGN 
5,000 500 
1700 1800 1900 2000 2100 2200 2300 1600 1700 1800 1900 20002100 2200 7300 1600 1760 1800 1900 2000 2100 
TEMPERATURE — DEG. Ff. TEMPERATURE — DEG. F TEMPERATURE — DEG. 
: CURVES SHOWING HIGH TEMPERATURE CURVES SHOWING CREEP STRESS FOR CURVE SHOWING STRESS 
SHORT.TIME TENSILE STRENGTH CREEP RATE OF 1% IN 10.000 HOURS TO RUPTURE AT 100 HOUR 
DURALOY-HOM COMMENDED DESIGN STRESS FOR DURALOY-HOM 
FOR DURALOY-HOM 


Castings of DURALOY “HOM” are now 
being produced by our three methods: 
static, centrifugal and shell molded. 
Write today for additional information 
on this versatile new alloy. 


OFFICE AND PLANT: Scottdale, Pa. 

EASTERN OFFICE: 12 East 41st Street, New York 17, W. Y. 
ATLANTA OFFICE: 76—4th Street, W.W. 

CHICAGO OFFICE: 332 South Michigan Avenue 

DETROIT OFFICE: 23906 Woodward Avenue, Pleasant Ridge, Mich. 


Electropolishing . . . 


packed closely in microconcaves 
and more loosely on microprojec- 
tions (micropeaks). 

For micropolishing to occur, the 
polar film must be relatively rigid or 
viscous enough so that solvated 
metal can diffuse away more rapidly 
at the film micropeaks. Such behav- 
ior can be expected for electropolish- 
ing copper in phosphoric acid solu- 
tions, because an electrolytic film of 
saltlike structure is formed. Such a 
film also explains the absence of 
etching in an electropolishing solu- 
tion. Random dissolution of metal 
atoms takes place by transfer into 
vacant sites in the saltlike film, and 
the high potential gradient across 
the film causes solution to take place 
immediately upon occurrence of a 
vacant site, irrespective of crystal 
face or phase composition. When 
the film grows thicker than the elec- 
tric field of the anode, it breaks 
down enough to allow complete 
solution of the metal in the bulk of 
the electropolishing bath. 

The discussion is based entirely on 
electropolishing copper in phosphoric 
acid solution with current density- 
voltage relationships as illustrated by 
Fig. 1. Of interest would be an 
article explaining the role of the gas 
film on the mechanism of electro- 
polishing. C. L. Faust 


Aluminum Alloys . . . 


(Continued from p. 91) 

Al-Cu Alloys, because of the high 
solubility of copper in aluminum, 
offer an attractive possible combina- 
tion of strength and specular reflec- 
tivity in the bright anodized condi- 
tion. Their potentialities for ex- 
truded applications are also worthy e 
of investigation. Recent work makes 
it apparent that the most beneficial 
effect to be derived from copper is e 
as a third or fourth component of ter- 
nary or quaternary systems — for ex- 
ample, Al-Mg-Cu or Al-Zn-Mg-Cu. 

Al-Zn-Mg alloy systems have pro- 
duced well-known, very strong sheet 
and extrusions. They have the abil- 
ity to age harden and give mechan- 
ical properties considerably better 
than any of the other alloys men- 
tioned above. Furthermore, both 
magnesium and zinc in the alumi- 
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Titeflex, Inc., Meets 
Aircraft Fuel, 
Lubrication and 
Hydraulic Line 
Specifications 
with 


HANDY HARMAN 
BRAZE 


This Springfield, Massachusetts, manufac- 
turer of aircraft and missile fuel, lubrication 


Titeflex operator brazes assembly with torch and hand- 
fed Handy & Harman Alloy Braze 541. Titeflex is 
unique in that it makes flexible hose assemblies from 
raw material to end product—“*From End to End, In- 
side and Out, made RIGHT In Our Own Plant.” 


and corrosion is equally impressive. The 
composition of BRAZE 541 is 54% silver, 


and hydraulic lines finds that silver alloy 
brazing with Handy & Harman BrAzZzE 541 
meets rigid operating requirements “all the way down 
the line.” 

The tubing and fittings of many of the wide range of 
assemblies made by Titeflex are 321, 316 and 347 stain- 
less steel and Monel. Brazing is a hand torch, wire and 
HANDY FLUux operation. 

BRAZE 541 is a plastic alloy which melts at 1325° F 
and flows at 1575° F. Its strength—in shear—at ele- 
vated temperatures is 21,500 psi at 500° F and 15,000 psi 
at 750° F. This alloy’s ductility in resisting stress and 
vibration is very high and its resistance to oxidation 


FOR A GOOD START: 


BULLETIN 20 
This informative booklet gives a 
good picture of silver brazing and WRG 
its benefits. ..includes details on ™ 


alloys, heating methods, joint de- oes 
sign and production techniques. EE 
Write for your copy. 
JANUARY 1960 


HANDY & 
General Offices: 82 Fulton St., New York 38, N.Y. 
DISTRIBUTORS IN PRINCIPAL CITIES 


40% copper, 5% zinc and 1% nickel. It 
meets AMS Specification 4772. 

Aircraft and missile component manufacturers and 
fabricators are finding—to their and their products’ 
benefit—that Handy & Harman silver alloy brazing is 
the full and final solution to their metal-joining problems. 
BRAZE 541 is but one of a large family of Handy & 
Harman alloys, for both low and high temperature appli- 
cations. We would like to more fully acquaint you with 
BRAZE 541 and with the advantages that come naturally 
to silver brazing as a metal-joining (both ferrous and 
nonferrous) method. Handy & Harman, 82 Fulton Street, 
New York 38, N. Y. 


Your No.1 Source of Supply and Authority on Brazing Alloys Offices and Plants 


Bridgeport, Conn. 
Chicago, III. 
Cleveland, Ohio 
Dallas, Texas 
Detroit, Mich. 
Los Angeles, Calif. 
San Francisco, Calif. 
Toronto, Canada 
Montreal, Canada 
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He’s making 


NEW SPACE-AGE METALS 


in this high-vacuum furnace 


He’s purifying conventional metals and alloys under 

very low pressure—pumping away the impurities 

that are liberated—and producing melts so pure 

that they are essentially new metals. New metals of 

higher resistance to heat and fatigue. New metals that only 
vacuum metallurgy can produce. 


This VA-L-200H Herzus Vacuum Arc Furnace is a labora- 
tory or small-scale production model with a crucible volume 
of 250 cu. in. It’s the smallest in a complete line that will give 
you the same highest-purity melts in capacities up to 6600 
lbs.—even higher with special-order units. There’s a unit just 
right to help you keep pace with space-age metallurgy. We’d 
like to talk to you about it. 


Write for application data and specifications. Just ask for 
Arc Furnace Bulletins. 


Consolidated Vacuum Corporation 


ROCHESTER 3, NEW YORK 


A SUBSIDIARY OF CONSOLIDATED ELECTRODYNAMICS CORPORATION IG HIDE 
(FORMERLY ROCHESTER DIVISION) S 
CF % 
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num matrix are highly soluble and 
the color and refractive index of 
their oxides are comparable with the 
same properties of the anodic film. 
These factors indicate that Al-Zn- 
Mg alloys should bright anodize sat- 
isfactorily in both sheet and extruded 
form. Further additions of copper 
should provide better brightening 
characteristics as well as improve 
the mechanical properties. 

Many of the bright anodizing 
troubles can be traced back to the 
metal manufacturing processes. Re- 
ticulation in sheet, mentioned ear- 
lier, was studied by Herenguel in 
France. He attributed it to lack of 
control of grain size during casting. 
Additions for refining grain size in 
the ingot must be used with caution 
in casting superpurity materials; the 
casting conditions must be very care- 
fully chosen. Pre-extrusion of the 
sheet ingot, although efficient in 
breaking down large grains, limits 
the width of the sheet that can be 
produced. 

In rolling operations, a heavy re- 
duction of slab thickness is essential 
and this is difficult for the thicker 
gages. Cladding with material in 
which the structure has been broken 
down by previous hot rolling, or 
cladding with pre-extruded strip, 
may solve this problem. 

Careful scalping of the ingot is 
necessary to remove surface segre- 
gation, oxide inclusions and laps. 
Considerable work has been done 
recently to determine the optimum 
depth of scalping. Pickling of the 
hot mill strip, prior to cold finish 
rolling, is desirable. Some ingenious 
devices have been installed in some 
mills to pickle continuously. 

Adequate soaking of the ingot is 
especially important. If pre-ex- 
truded stock is used, soaking can 
follow normal techniques, but if the 
cast ingot is to be broken down di- 
rectly, the structure must be thor- 
oughly homogeneous. Choice of 
temperature and cooling rate are 
important, since addition elements 
should be kept in solution. 

In the hot mill, adequate lubrica- 
tion is essential and maintenance of 
the rolls is a critical matter. Cold 
rolling presents few aspects detri- 
mental to bright anodizing of ma- 
terial, although the rolls must re- 
ceive the same careful attention as 


METAL PROGRESS 


me 
Whe 
\ 
‘ 


LtooK 
FOR THE 
DIAMONDS-—siGNn 
OF FINISHING 
QUALITY 


Process Engineered 


Chromate Conversion Coatings 


Give you 5 additional benefits for Corrosion Protection—Paint Base —Decorative Finishing 


areas enable us to provide you with fast, 
economical delivery on any Iridite. 


A COMPLETE PROCESS 
ENGINEERED LINE 

Developed for specific applications, there is an 
Iridite to provide the finish you desire, fit the 
equipment you have available and give the 
performance you require. Most Iridite coatings 
meet rigid military and civilian specifications. 


EXPERIENCED TECHNICAL 


2 SERVICE 


Our large field engineering staff is thoroughly 
familiar with chromate conversion coatings 
and related finishing operations. They’ll help 


ECONOMY 

The superior performance of Iridite provides 
low final cost by extending operating life and 
lowering maintenance costs. In addition, 
Iridite gives you a finish that adds considerably 
to the value of your product. There’s an 
Iridite to meet every cost and performance 
requirement. 


RESEARCH AND DEVELOPMENT 


you check every step in your finishing oper- 
ation to make sure you’re getting the best 
possible finish on your products. 


=) 


FACILITIES 
If you have an unusual application, we will 


gladly work with you. Our entire staff of 
experienced engineers and chemists, and our 
completely equipped facilities are at your 


~ 3 PRODUCT AVAILABILITY 
Warehouses located in strategic industrial 


iRIDITE—a specialized line of chromate conversion coatings for non-ferrous 
metals. Apply by dip, brush or spray methods — at room temperature — 
manually or with automatic equipment. Forms a thin film which becomes 
an integral part of the metal. Cannot chip, flake or peel. No special equip- 
ment, exhaust systems or specially trained personnel required. 


If you are using chromate conversion coatings to finish zinc, cadmium, aluminum, mag- 
nesium, silver, copper, brass or bronze — consider the above benefits of Iridite. For 
complete information, contact your Allied Field Engineer. He's listed under “Piating 
Supplies” in the yellow pages. Or, write for FREE TECHNICAL DATA FILE, 


an Research Products, Inc. 


4004-06 EAST MONUMENT STREET ¢ BALTIMORE 5, MARYLAND 
BRANCH PLANT: 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 
West Coost Licensee for Process Chemicals: 1. H. Butcher Co. 
Plating * Chemicals & Line of 
Suppl 


IRIDITE 


IRILAC 
Clear 


Coatings 


chemical Processes, Anodes, 
Rectifiers Equipment, and Supplies for Metal Finishing 
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35,000 Specimens... 
105,000 Photomicrographs... 


Not One Breakdown 


Metallurgist Byron Carns says: 


“In the past five years at Kennametal, our AO Research 
Metallograph has been operated at a minimum expendi- 
ture with regard to maintenance and repairs .. . some 
35,000 specimens were examined and over 105,000 
photographs taken for permanent records.” 


Kennametal Inc. of Latrobe, Pa. produces cemented carbides, tantalum, niobium 
and high temperature alloys. Their lab is a busy place and their AO Metallograph 
'2400P has to produce a photomicrograph on the average of every six minutes. The 
AO Metallograph is constantly in use on research and development as well as the 
routine control work that floods every industrial laboratory. 

Talk to people like Byron Carns! You'll find that the AO Metallograph is de- 
signed for maximum efficiency. You perform every operation while sitting com- 
fortably at a modern desk. You compose the picture on a screen directly in front 
of you . . . the camera is focused automatically while you examine the specimen 
through the microscope. You can take notes, change magnifications, orient speci- 
mens, make exposures . . . all with unbelievable speed, ease and precision. 

Write NOW for the complete AO Metallograph story! Learn how the AO 
“Workhorse” can earn its keep in your laboratory. 


Dept. A119 


4 
American Optical 
Company - 
i ADDRESS 
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in the breakdown operation. Lubri- 
cants must be chosen which do not 
stain the product. Precautions 
should also be taken to avoid air- 
borne grit and dirt; canopies may 
be erected over the rolls and great 
care must be exercised in handling, 
packing and storing the sheet. 

Work hardened material usually 
requires a_ recrystallization anneal 
(although it may be temper annealed 
to a required degree of hardness). 
Published information on this sub- 
ject relates primarily to alloys based 
on superpurity aluminum with 3% 
and 5% magnesium. Minimum cold 
reduction should apparently be more 
than 25%, so as to avoid grain 
growth, and less than 75%. The 
minimum annealing temperatures 
are given as 615° F. (325° C.) for 
the 3% alloy and 520° F. (270° C.) 
for the 5% alloy. If these limits are 
not observed, the magnesium atoms 
tend to segregate along the grain 
boundaries of the as-rolled material 
rather than on the boundaries of the 
recrystallized grains, and thus give 
a mottled streakiness on anodizing. 
With alloys containing 1.5 to 2.0% 
magnesium, a recrystallization tem- 
perature of about 660° F. (350° C.) 
seems desirable. Obviously the de- 
gree of cold work and the recrystal- 
lization time and temperature have 
to be adjusted mutually so as to pro- 
duce a reasonably fine-grained ma- 
terial. Suitable manipulation of 
established techniques may suffice 
—as, for instance, partial annealing 
instead of recrystallization. 

It is not so difficult to produce ex- 
trusions with surfaces suitable for 
bright anodizing. Recrystallization 
is not likely to cause acute problems 
because it is usually possible to 
quench at the die and so avoid a 
formal solution treatment with at- 
tendant recrystallization. However, 
the same careful control of casting 
conditions is desirable and the ingots 
may need to be scalped prior to pre- 
heating. Discard should be ade- 
quate to avoid any back-end defects. 
The standard of finish on the dies 
and mandrels must be very high to 
prevent die scoring.. Indeed, all 
handling, extrusion and drawing 
techniques need to be examined with 
care in the light of the very high re- 
quirements on surface quality. For 
example, die cleaning with caustic 
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a versatile high-strength, heat-treatable 
copper alloy with this valuable 
combination of properties 


HIGH 
YIELD STRENGTH 


70,000 psi @ .50% 
extension under load, 
min., in precipitation— 

hardened condition. 
Elongation in 
4xD, min., 8%. 


HIGH CORROSION 


Comparable to copper 
ond Everdur copper- 
silicon alloys. 


METALLURGICAL COMMENT. Most of the nickel and silicon 
in heat-treated Cunisil are present as an intermetallic com- 
pound, nickel silicide, and it is the precipitation of nickel 
silicide in the form of particles of submicroscopic size by a 
relatively low temperature heat treatment that accounts 
largely the the distinctive properties of the alloy. 


Prior to the hardening heat treatment, the alloy is brought 
to a proper condition for hardening by giving it a solution 
anneal at a much higher temperature and then a quenchin 
from this temperature; at this stage the alloy is quite soft 
and in a condition for drastic cold-working operation:. The 
hardening heat treatment consists of heating at a controlled 
temperature for a definite length of time to obtain the de- 
sired mechanical properties. 
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EXCELLENT 
SOLD FORMING 
Extremely easy to work 
cold before hardening 
heat treatment. 


AVAILABLE 
AS ROUND ROD 


including dia. 
to 1° dia. In coils 
Vis" dia. to %” dia. 
i Inquire for 
. other sizes. 


CUNISIL-837 is a high-strength, corrosion-resistant alloy that 
includes many of the desired qualities of Silicon Bronze or 
Everdur®. Its applications to date have been primarily in 
the electrical equipment field. 

FOR MORE INFORMATION—see your American Brass repre- 
sentative or write: The American Brass Company, Water- 
bury 20, Conn. In Canada: Anaconda American Brass Ltd., 
New Toronto, Ont. sect 


ANACONDA 


Copper and Copper Alloy Mill Products 


MADE BY THE AMERICAN BRASS COMPANY 
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oa 97.50% 1.90% 0.60% 
pa. 
STRENGTH HIGH ELECTRICAL 
TENSILE 
90,000 psi min.,in 
Ge 
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is not recommended; and the con- 
ventional lubricants and lubrication 
techniques may also stain the metal 
surfaces. 

Extrusions in the magnesium sili- 
cide alloys have been most generally 
accepted for bright anodized appli- 
cations because of their very desir- 
able combination of good mechan- 
ical properties, ready extrudability 


and satisfactory response to both 
brightening and anodizing. Higher 
extrusion temperatures are recom- 
mended so that Mg,Si may be kept 
in solid solution. Higher preheating 
temperatures are desirable to effect 
uniform dispersion of the Mg.Si, and 
fast cooling from the preheating tem- 
perature will avoid its reprecipita- 
tion. Also, rapid cooling from the 
extrusion temperature will avoid un- 
desirable recrystallization and pre- 
cipitation of Mg,Si. If artificial 


SHUT-DOWN 
SLUDGE 


KOLENE DESCALES 


24 hours daily ... 
EVERY DAY! 


1. MINIMIZE COSTS of salt 
bath maintenance with the Kolene 
Process. Reduce descaling time up 
to 90% ... with no loss of production 
to clean pots . . . no waste of salt! 


2. KOLENE-DESIGNED, Long- 
life Burner Tubes give 50% greater 
efficiency than conventional tubes 
. . . Reduce operating costs with 
improved heat transfer. 


3. KOLENE PRODUCES a 100% 
metallurgically clean surface. No 
abrasives—less acid—improved sur- 
face—less metal loss. 


hOLENE, 


LEADER IN SALTBATH CLEANING 


EXCLUSIVELY KOLENE, this 
compact 1%’ x 2’ sludge removal 
system services 60,000 pounds of salt! 


Make Kolene an integral part of your 
operations; gain all the benefits of 
uninterrupted, 24-hour descaling! 


KOLENE provides complete engineering—equip- 
ment—chemicals and service. No divided re- 


with Kolene processes. 


12890 Westwood Ave. ¢ Detroit 23, Mich. 


aging is needed, overaging must be 
carefully avoided, because an exces- 
sive amount of Mg.Si or massive 
growth of the crystals will cause a 
loss of reflectivity. 

Commercially acceptable bright 
anodized finishes can only be pro- 
duced on aluminum if the metal is 
of the proper metallurgical compo- 
sition and structure. The principles 
underlying the design of suitable 
alloys have been outlined. The 
aluminum alloys now available have 
been listed and the direction of 
present research has been indicated. 
The effects of manufacturing pro- 
cesses and their control have also 


been outlined. 
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(Continued from p. 95) 
research in atomic energy, physical 
metallurgy, ceramics and inorganic 
chemistry. 

As for the Norwegians, at the 
“Sentralinstituttet for Industriel For- 
skning” in Oslo, there is work on 
the oxidation kinetics of titanium 
and columbium. So far, the oxida- 
tion mechanism seems to be quite 
complex. Not only does the oxygen 
react to form a more or less protec- 
tive layer, it also dissolves in the 
metal causing great changes in the 
physical properties of the metal. 
Furthermore, the oxidation mech- 
anism changes with temperature. 

Other work in Norway is con- 
erned largely with studies in 
ceramics. For example, there are 
investigations on the corrosion of re- 
fractories in melts, the equilibrium 
between solid oxides and atmos- 
pheres which contain oxygen, solid 
solutions of various metallic sulphate 
compounds, and kinetics of mullite 
formation in some kaolins. 

High-temperature research is not 
limited to the Western European 
countries alone. Also speaking at 
the symposium was Hisao Mii who 
represented Japan, As head of the 
Mechanical Engineering Div., Gov- 
ernment Industrial Research Insti- 
tute, at Nagoya, he was well ac- 
quainted with Japanese progress in 
the high-temperature field. A long 
section of his paper was devoted to 
a new solar furnace erected recently 
at the Government Industrial Re- 
search Institute. 

Interest in constructing such a 
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To obtain even 
radiographic density 
from edge to edge, the 
rods were cradled in a 
block of aluminum. 


Radiographs reveal 
air bubbles in the 
ceramic rods. 


of the breaking 
ceramic rods 


These rops support an electronic element in an intri- 
cate traveling-wave tube. They must withstand high 
temperatures—high vacuum. 


Unaccountably, in the early development of traveling- 
wave tubes, some rods would break. Also some tubes were 
difficult to pump down to high vacuum. 


To find the reasons, Sperry Gyroscope Company turned 
to radiography. 

The radiographer employed a filter device to obtain 
even density from edge to edge of the radiographic image 
of the rods. The defective rods were found to contain tiny 
air bubbles which expanded when the tube was heated 
and caused the breakage. They also were the cause of the 
difficulty in degassing the tubes. hae Gives high radiographic contrast, 
increased detail and easy readability 
at all energy ranges. 


Read what Kodak Industrial X-ray Film, 
Type AA, does for you: 


... Speeds up radiographic examinations. 


In the inspection of assemblies, of castings, of welds, 
radiography provides a reliable means of examining inter- 
nal conditions and making sure that only high-quality -.- Provides excellent uniformity. 
products are delivered. Often it suggests ways of improving ... Reduces the possibility of pressure 
manufacturing methods and cutting costs. desensitization under shop conditions. 

Would you like to learn how radiography can work 
profitably for you? Talk it over with an x-ray dealer or 
write for a Kodak technical representative to call. 


X-ray Division 


EASTMAN KODAK COMPANY, Rochester 4, N. Y. 
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Marshall F 


urnaces at General Electric 


NUCLEAR POWER 


At GE’s Aircraft Nuclear Propulsion De- 
partment in Cincinnati, Ohio, more than 50 
Marshall furnaces help test materials being 
developed for aircraft nuclear power plants. 
The furnaces are components of GE-de- 
signed rigs used for stress-rupture, creep, 
thermal expansion, cyclic temperature and 
cyclic stress testing. Tests are conducted, 
within air, on cermets, intermetallics, true 
ceramics and alloys. Marshall furnaces ac- 
curately maintain set temperature levels as 
high as 2400° F., within + 3° F. 

Marshall offers a complete range of tubu- 
lar, resistance wound, shunt-type furnaces 
for many uses up to 2600° F. Furnaces fea- 
ture uniform temperature or regulated tem- 
perature gradient and rigid zone control to 
+3° F. (under certain conditions, temper- 
atures can be held to +1° F.!). Test dura- 
tion can range from moments to 10,000 or 
more hours. Furnaces are compactly de- 
signed, and include standard mountings for 
easy assembly to testing machines. Models 
are available from 1” to 12” I.D. or more, 
and from a few inches to several feet long. 

Marshall also offers special vacuum ten- 
sile and creep testing furnaces for 3000° F. 
and 4000° F. Hot-hardness testing models 
available to 3000° F. 


MARSHALL PRODUCTS CO. 


tubular furnaces and control panels 
270 W. LANE AVENUE, COLUMBUS 2, OHIO 


write today for 


~ complete information 


Stress-rupture rigs at General Electric (at top). 
Marshall 4000° F. vacuum testing furnace (left). 
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furnace developed when it became 
necessary to test high-temperature 
refractories. The prototype model, 
built of aluminum plate, was con- 
structed in August 1955. Just after 
it was completed, its performance 
was tested by melting several metal 
oxides. While colored oxides such 
as Cr,O; (melting point, 4125° F.) 
melted readily, white specimens 
(SiO, with a melting point of 3100° 
F.) were difficult to melt because of 
their greater reflectivity. However, 
such oxides would melt with little 
effort if coloring matter was added. 

Though the first solar furnace per- 
formed as expected, there were a few 
drawbacks. Its radiation density was 
1940 watts per sq.in. at most; this 
value was considered too low. Two 
causes were suspected: The mirror 
was not true parabolically because 
it was built up of many small mirrors 
with circular arcs, and buffing (to 
improve reflectivity) distorted the 
soft surface. 

Since the technique appeared very 
promising, however, a second fur- 
nace was projected. Before its con- 
struction, several design problems 
had to be faced. One question was, 
“What type was most suitable?” Al- 
though the type in which a reflecting 
mirror faces the sun directly (such 
as the first solar furnace) has a great 
advantage of having only one reflec- 
tion, the focus is located above the 
reflector. Accessibility to the speci- 
men is not good, and molten material 
may fall and spoil the mirror surface. 
A heliostat-type solar furnace, in 
which the radiation is reflected to the 
parabolic mirror by a plain mirror, 
had additional reflection loss because 
of the heliostat. However, it has 
good accessibility to the specimen, 
and there is less likelihood of dam- 
aging the mirror surface because its 
optical axis is set horizontally. Due 
to these advantages, the latter type 
was used for the new solar furnace. 

There were enormous difficulties 
and expenses in constructing a new 
paraboloid which satisfied all re- 
quirements. Because of this, atten- 
tion was paid to a searchlight mirror 
of military surplus, which was com- 
pleted for the Japanese Army during 
World War II. Values of aperature, 
focal length, and aperture ratio of 
the most common searchlight mirror 


are satisfactory. The reflectivity is 
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“Toughest” inspection in the steel business 
assures you utmost uniformity in Timken forging steels 


You can always be sure your forged products made 
from Timken® steel forging bars will have uniform 
quality. One big reason is the rigid, 100% Final In- 
spection we give every bar. Examination is so thorough 
that our Inspection Department is known as the 
toughest in the steel business. 

You save money, too, because of the uniform quality 
of Timken steel. It is remarkably uniform in structure, 
chemistry and dimension from heat to heat, bar to bar, 
order to order. And because we handle each order 
individually, we can target our procedures to your 
end-use requirements. You don’t have to interrupt your 
operations to make costly equipment adjustments. 

Important to our operations is a new Metallurgical 


Research Center, one of industry's most modern. Its 
facilities range all the way from an experimental melt- 
ing laboratory to one of the industry’s finest technical 
libraries. It is designed not only to improve our own 
products but also to solve customer problems—your 
problems. 

When you buy Timken steel you get: 1) Quality that’s 
uniform from heat to heat, bar to bar, order to order. 
2) Service from the experts in specialty steels. 3) Over 40 
years experience in solving tough steel problems. 


For the most from your modern forging operations, 
specify Timken steel forging bars. The Timken Roller 
Bearing Company, Steel and Tube Division, Canton 6, 
Ohio. Cable: ““TIMROSCO”. Makers of Tapered Roller 
Bearings, Fine Alloy Steels and Removable Rock Bits. 


TIMKEN ALLOY STEEL AND SEAMLESS TUBING ARE AVAILABLE FROM WAREHOUSE STOCKS IN 44 CITIES IN THE UNITED STATES 
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it’s significant that 
COMMERCIAL HEAT-TREATERS 


like METALLURGICAL PROCESSING CORP. 


..are the most 


ENTHUSIASTIC 
operators of the NEW 


CARBON 
POTENTIAL 
CONTROLLER 


Yes, commercial heat-treaters 

. men who depend wholly 
on the cost-efficiency of their 
equipment and the competitive high quality of their work . . . have 
been among the first to see the unique advantages of this entirely 
fresh approach to Carbon Potential Control. “The finest thing of 
its kind and a really practical, dependable solution to the problem.” 
says Mr. Louis Perlman, President of Metallurgical Processing Corp. 
Other heat-treaters and heat-treating department heads agree. Here 
is a relatively simple, fully engineered system that works. 


U. S. Patent No. 2,818,246 (Kappel) 


THESE OUTSTANDING ADVANTAGES CAN BE YOURS TO ENJOY, TOO! 
Measures carbon potential of gas continuously by an 
entirely NEW method. 


Once properly adjusted to furnaces and gas generators, 
the control action is precise and dependable. 


Requires a minimum of attention . . . does not call for 
specially trained operators. 
Permits far more uniform control of furnace atmospheres 
and hence results in more uniform, clean, high-quality work, 


For further information write to the Rolock Engineering Department. 


ROLOCK INC., 1222 KINGS HIGHWAY, FAIRFIELD, CONN. 
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0.75, and the geometric accuracy is 
so good that the scattering of the 
focus may be less than % in. The 
searchlight mirror actually obtained 
for the second solar furnace was un- 
expectedly good in its geometrical 
accuracy and is giving excellent serv- 
ice. A preliminary test for checking 
its performance showed that the sur- 
face of an irradiated ThO, (melting 
point, over 5400° F.) sample was 
melted instantly. 

Work on solar furnaces is not the 
only research that occupies the Jap- 
anese. Other interesting projects 
include the melting of carbon. This 
may sound odd since it is well known 
that carbon sublimes (passes off as a 
gas) at ordinary pressures. How- 
ever, if the pressure is high enough, 
carbon will melt when the proper 
temperature is reached. 

The triple point of carbon has 
been thought to be 100 atm. and 
6700° F. Experimental apparatus 
(shown in Fig. 2 on p. 95) was con- 
structed from an autoclave with elec- 
trodes attached for heating. 

The specimen was a thin graphite 
rod, the middle portion of which was 
reduced in diameter for easy melting. 
The vessel was evacuated, and argon 
added up to about 100 atm. Argon 
pressure was increased gradually as 
the specimen was heated by electric 
current supplied from an induction 
voltage regulator. The condition for 
melting a specimen (about % in. in 
diameter at the middle and 1 in. 
long) was 21 to 23 volts and 350 to 
400 amp. under 150 to 160 atm. of 
argon. 

As is apparent, high-temperature 
research in other countries is flashing 
off in all directions. Throughout the 
world, coming years will bring to 
fruition the many projects that oc- 
cupy research workers today. (—) 


Hot Pressing Powders... 
(Continued from p. 108) 


and a perforated steel end plate 
welded on. The canisters were now 
heated for extrusion (generally at 
about 1900° F., but always well be- 
low the temperature of the beryl- 
lium-iron eutectic — 2130° F.). Air 


was expelled through the graphite 
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The Man is Sperry Ultrasonics 


At Chrysler Corporation he collaborated with methods 
researchers to develop an improved ultrasonic inspection 
system. The new system, named SIMAC (Sonic Inspection 
Measurement and Control), automatically tests sheet steel 
for internal flaws in excess of 300 feet a minute. Flaws 
are marked by dye and the faulty steel rejected before it 
reaches the stamping phase. The resultant quality control 
assures the most perfect product with the least waste of 
man hours and material. 


Sperry sales engineers are recognized authorities on the appli- 
cation of ultrasonic techniques in nondestructive testing. They 
are the link that sparks Sperry research and development 
teams to create the quality control tools industry needs. 


When there is a quality control problem, call the man who is 
Sperry Ultrasonics. 


fry Products Company 


DIVISION OF HOWE SOUND COMPANY 


Defective sheet steel is automatically 
sprayed with dye on the production line 


cape ie 501 Shelter Rock Road, Danbury, Connecticut 
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A tough challenge 
eee met by 


UNITCASTINGS! 


Four-way specifications for this pair of steering arms combined 
tolerances difficult to hold in sand casting. Structural contour, sur- 
face limitations and internal consistency are accepted with regu- 
larity at Unitcast. However, a fourth requirement, relationship of 
extremities in such an unusual casting design is a tough problem 
to solve economically ! 

With a reasonable finished cost as an objective, Unitcast’s 
quality control specialists recommended an unorthodox molding 
method. Special pattern equipment was built to control distortion 
in the spider-like arms... metal flow was redirected along with 
other unusual procedures. Finally, inspection jigs assured delivered 
accuracy. 

Unitcastings more than meet customer’s requirements and cost 
remained competitive! Unitcast can offer a similar service for your 
problems . . . call today for a Unitcast Sales Engineer. 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNICAST STEEL, LTD., Sherbrooke, Quebec 


SPECIFICATION 
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disk which acted as a filter to prevent 
ejection of any beryllium powder 
into the furnace atmosphere. After 
allowing time for the powder mass 
to be uniformly heated, the canisters 
were removed from the furnace and 
extruded by a conventional press. 

Copper plating the outside of the 
canister reduced the extrusion pres- 
sure by about 25%, but there was 
some contamination of the extrusion 
dies with copper. However, copper- 
plated billets formed straighter ex- 
trusions. Rods and tubes were 
straightened while still hot from the ‘ 
extrusion press, and the steel sheaths 
were removed when cold by pickling 
in 235% aqueous nitric acid. In some 
instances, a groove was cut along 
the rod or tube, and the steel sheath 
was peeled away. Surface contam- 
ination was removed by pickling in 
hydrofluoric acid mixtures, or by 
further machining. 

Extruded beryllium, in its origi- 
nal steel sheath, was forged and 
stamped to various shapes*. After 
sections were cut from the extruded 
beryllium rods (without removing 
the steel sheath), steel end plates 
were welded on. The completely 
sheathed beryllium was now heated 
to about 1000°C. (1850°F.) and 
forged or stamped with standard 
hammers and dies. Then, the sheath 
was removed in dilute nitric acid. 
Reactive powders of metals such as 
beryllium and zirconium were forged 
in sheaths. First they were precom- 
pacted at 8000 psi. in mild steel can- 
isters (height and diameter about 
equal) with a small quantity of vola- 
tile hydrocarbon added to expel air 
during heating. The filled canisters, 
fitted with internal filter disks and 
perforated end plates, were heated 
slowly to the desired temperature 
(1900 to 1975° F. for beryllium, and 
1750° F. for zirconium sponge), 
transferred quickly to the forging 
hammer, and flattened to about one 
third of the original height. The 
steel sheath was subsequently cut 
away or dissolved off by dilute nitric 
acid. 

When chlorine content was low 
(about 0.06%), beryllium flake pro- 
duced sound metal when consoli- 

(Continued on page 190) 


*This work was kindly undertaken 
by High Duty Alloys Ltd., Redditch, 
England, and thanks are due to E. T. 
Stewart-Jones for his assistance. 
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ARC ETCH ANY METAL. 
OF ANY HARDNESS— Quickly —Ec 


ACTOGRAP PEN 


Only the ACTOGRAP metal etching pen has all of 
these features: we 

Freedom from me- * only 
chanical vibration $ 
Short, powerful, con- . 
tinuous arc—will etch 
hardest metals rapidly wat 
e Does not heat up 

e@ Light and small—can 
be used like a fountain 
pen 

© Operates optionally on 
battery or conventional 
AC current 

@ Depth of etch can be 
regulated by an exclu- 
sive selection switch 


222 York Rood 
TUrner 4-8494 
Jenkintown, Pa. 
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METAL PARTS 
CLEANING“ 
PROBLEMS 


OV. OF RANDALL MFG. CO., INC. 


809 Edgewater Rd., New York 39, N.Y. 
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new BULLETIN! 


Send for your copy of 
the Ramco Bulletin. 
See how Ramco 2- and 


3-dip degreasers can 
solve your metal 
parts cleaning prob- 


lems, economically, 


efficiently, safely! 
Write today! 


AMCO EQUIPMENT CORP. 


METAL 


BUARD 


LA-cO 
Aluminum Soldering Flux 


Now ... Solder Aluminum 
with ordinary soft solders 


Use 60-40, 50- 
50, 40-60, 95-5 


solders 
® No new solder- 
ing techniques 
Non-acid .. . 
Self-cleaning 
A major break- 
through in alu- 
minum fabrication. 
Use ordinary soft 
solders . ordinary irons or torches. 
Remarkable fluxing action achieves perfect 
bond of aluminum and solder making pos- 
sible the fabrication of aluminum to alu- 
minum, copper, steel, stainless steel, gal- 
vanized iron, brass, etc. 


Write for sample, or 
engineering help on 


any fluxing problem. 

LAKE Chemical Co. 
3079 W. Carroll Ave., 

BRAND Chicago 12, Wi. 


Silver Solder Flux 


Greater speed and economy 
for all silver soldering! 


© Packed in tins 

© Will not harden 
Non-acid . 
Self-cleaning 


For all silver sol- 
dering in 1125° to 
1700° F. heat range, 
Dissolves all refrac 
tory and non-refrac- 
tory oxides... 
solder penetrates 
completely into all areas, for maximum 
strength without solder waste. Completely 
acid-free—will not pit or stain metals. Al- 
ways-ready paste form .. . will not harden 
or crystallize 


Write for sample, or 
engineering help on 
any fluxing problem. 
LAKE Chemical Co. 
3079 W. Carroll Ave., 
Chicago 12, Ill. 


Stainless Steel & Chrome 
Soldering Flux 


Safer... Surer... Cleaner 


® Doesn't stain 
® Non-acid 
® Self-cleaning 


For soldering all 
stainless steel and 
chrome, including 
300-400 Series, with 
ordinary soft sol- 
ders. Requires no 
pre-cleaning. Acid- 
free formulation will not pit metals, leaves 
no stains. No buckling on even light gauge 
work. In liquid or paste form. 


Write for sample, or 
engineering help on 


Ly any fluxing problem. 
LAKE Chemical Co. 
8 3079 W. Carroll Ave., 

ce Chicago 12, Ill. 
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EEE PEP 


Mark any parts while cold, 
identify them after heat treating 
regardless of temperatures and oil 
or water quenchings. Use ‘“‘M”’ uP 
to 1600° F., ““M-10” up to 2400° F 


WRITE ON LETTERHEAD FOR complete 
Paintstik intor mation. 


MARKAL COMPANY 
3118 West Carroll Ave. Chicago 12, ill. 
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removed after treating. 


WRITE ON LETTERHEAD FOR complete 
Coating information. 
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“C-R" COATINGS 


MARKAL “C-R” COATINGS will protect a 
wide range of metals at temperatures up to 
2100° F. against carburizing, corrosion, scaling 
and the like. Coatings are easily applied, easily 


av 
LA-CO 
= MARKAL COMPANY 3118 West Carroll Avenue © Chicago 12, Illinois 


CUT YOUR COSTS OF PRODUCTION with 
FLAME HARDENING 


Flame Hardening | CONSULT OUR ENGINEERS 
| 


does not require 
furnaces 


Let us help you—from 
design to completed machine 


“We flame harden all sizes & shapes 
—one pound to 80,000 pounds __| Write for either 

| or both of these 

| beautifully 

| illustrated 

| catalogs “Flame 

| Hardened Rolls’ or 
“Flame Hardened 
Machine Ways,” 
each includes 
charts and 
valuable data. 


We can flame harden anything 
that can be shipped over the 
highway or on a freight car 


ame hardening co. 


17644 Mt. Elliott Ave. - Detroit 12, Mich.- TWinbrook 1-2936 


QUARTZ 


IMMERSION 
HEATER 
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The Lucifer 7055 Series was designed 
for hardening, annealing, drawing, 
preheating and special applications. 
Produced in 13 Standard models with 
heat ranges of 2,000°F. and 2,300°F., 
the 7055 Series operates on standard 


essary. All models include . . . auto- 
matic controls, thermocouple, lead 
wire, magnetic contactor, horizontal 
swing deor or vertical lift door, posi- 
tive seal cam lock, cast hearth late, 
long-life elements (low watt density), 
and our exclusive one piece monolithic 
holders that permit rapid element re- 
placement at a minimum of down- 
time. 

For a free brochure or engineering 
ativice, write, wire or call. . . 


LUCIFER FURNACES, INC. 
Neshaminy 7, Pennsylvania 
Diamond 3-0411 


| 
= 
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= 
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FOR SALE 


HOLCROFT GAS FIRED RADIANT 
TUBE BRIGHT HARDENING FURNACE 
with 36” wide cast link belt, 15’ long 
effective heating, and  conveyorized 
quench. 

HOLCROFT RECIRCULATING DRAW 
FURNACE, gas fired, 1250° F, 36” wide, 
20’ long. 


PAPESCH & KOLSTAD, INC. 


10706 CAPITAL AVENUE 
OAK PARK 37, MICHIGAN 
P.O. Box 3726 Phone, Lincoin 7-6400 
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line voltage. No transformer is nec- “ae fo 
| : 


Your Every 


Heating Requirement 


@ INSTANT HEATING 
@ SHOCK-PROOF 


@ AVAILABLE IN ALL VOLTAGES 
—WATTAGES, 
ONE AND THREE PHASE 


Available from your 
Electroplating Distributor/| 


WRITE FOR BULLETIN > 


Gle-QUARTL 


ELECTRIC HEATER CO., INC., Willoughby, Ohio 


*Reg. U.S. Pat. Off 


Phone: Willoughby 2-5521 
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NG EQUIPMENT 
CONSTRUCTION 


Costs! 


No. 373 


Heat treaters and heat treat- 

ing departments are cutting costs 

by using baskets, trays, retorts, car- 

burizing boxes and muffles of Cor-Wal construction 

—the corrugated alloy absorbs the thermal stresses. This 
important development results in savings for users. 
Send for literature, 


CORPORATION 


CHICAGO 39, ILLINOIS 


STANWOOD: 


4817 W. CORTLAND ST., 


G g OG 
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HUPPERT ELECTRIC FURNACES AND OVENS 


BENCH MODELS 


Range: 300°F. to 2000°F. 
High temperature, heavy-duty Kanthal 


elements 
Multi-insulation 


Counter-weighted, tight-sealing door 
Operational pilot light 
Shipped ready to operate 


for Laboratory and Plant 


controller. 


Inside 
Dimensions 


Prices 


220 Volt Single Phase efficiency. 


"For 2300°F. add 


Wide | High | Deep 


With Huppert} With Elec- 
Input tronic Prop 
Controller Controller 


$95.00 to No. 11 and 
No. 12, and $105.00 to 
No. 12A No. 12A con 
be furnished for 3 phase 


$480.00 
518.00 
590.00 


$296.00 
306.00 
382.00 


FLOOR MODELS 
28 Standard Sizes 
Continuous operation to 1850°F.— 


intermittent to 1950°F.—for 2300°F. 
on special order. 


Complete with automatic electronic 


Tight-sealing, wedge-type door. 
Multi-insulation for maximum 


Shipped Ready to Operate 
Model No. 16 Illustrated $1050.00 


490.00 698.00 


et no additional cost 
For floor model add 
$52.00 to above prices. 
No. 869 standardly sup- 
plied for 2200°F 


HUPPERT CO. 
of Electric Furnaces and Ovens 


6844 Cottage Grove Ave., Chicago 37, Illinois 


Also Special Models for Specific Requirements. 


Special KR-Supers to 3100 F. 


Request new catalog on 
furnaces, ovens, data, prices. 
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UNIFORM HEAT 


throughout the work space 


30 STANDARD 
CABINET 
MODELS 


Model HB Electric or 
Gas Cabinet Oven 


. 

@ Work space from 4.6 to 72.3 cu. ft. 

@ Temp. ranges from 100 to 1250° F. 

@ Electronic combustion devices for gas models 

@ Indicating control instrument 

@ Factory tested 
Other ovens from $121.50 up; laboratory, bench, 
walk-in and custom built models. 

Write for details 


Specialists in Heat Process Equipment 


Chicago 22, 
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ra USED EQUIPMENT AT 
REAL SAVINGS TO YOU! 


1—Like-new roller hearth furnace! Surface 
Combustion recirculating oven for temper- 
ing or aluminum treating. Inside work 
dimensions: 49 in. wide x 17% ft. long x 
26 in. high. 

Gas-fired for 1200° F. Complete with auto- 
matic doors and fast discharge mechanism, 
two recirculating fans with 15 hp. (220x 
440x3) motors, turbocompressor, safety 
quipment, ond Brown Electronic strip 


SUB-ZERO 


low temperature equipment 


@ shrink fits 


onan 1.5 and 6.5 cu. ft. capacities. 


gauges Sturdy, all-steel cabinet con- 
© precieion struction. Sublids for constant 
tools inside temperature. Adjust- 
able temperature controls. 


@ laboratory 
Special accessories available. 


testing 


For more information— 
Write to: 2VCO INC. 


Deerfield, Michigan 
Specialists in Trend-Setting Refrigeration 
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chart recorders. 


1—Same as above except 45 ft. long. Brick- 
lined. 


Other Roller Hearths in stock: 

G. E.—heat chamber 24 in. wide; heated 
length, 20 ft., height 10 in.; temperature 
range to 2100° F. 120 kw. 440/3. 

Electric Furnace Co.—heat chamber 49 in. 
wide; length 34 ft., height 14 in.; temper- 
ature range to 2050° F. Radiant tube. 
Electric Furnace Co.—heat chamber 66 in. 
wide; length 30 ft., height 43 in.; temper- 
ature range to 1500° F. Gas fired. 

Electric Furnace Co.—heat chamber 66 in. 
wide; length 35 ft., height 25 in.; temper- 
ature range to 1800° F. Gas fired. 

Price: 25% of replacement cost. 


METAL TREATING 
E, 
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DOW 


BATCH 
FURNACES 


CONTROLLED 


ATMOSPHERE 
EQUIPMENT 


FOR EVERY 
APPLICATION 


STANDARD 
HEARTH SIZES 


20” Wide—30” Long 
24” Wide—36” Long 
30” Wide—48” Long 
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Regulate and. control 
electric ovens 
and furnaces 

better, accurately, 

and efficiently with 


ORGEL 


Saturable Reactors 


Any amount of A.C. power from 1 Kva 
to 3000 Kva, single phase or 3-phase, at 
any voltage, can be controlled, regulated, 
and varied in stepless increments, with 
SORGEL Saturable Reactors. 

The control can be a small manually oper- 
ated hand wheel that can be placed in any 
desired location, or it can be automatically 
controlled, regulated and varied by a 
thermostat or any other instrument or 
device. 

SORGEL reactors are designed to meet 
your exact requirements. Let us know 
what your problems and requirements are, 
and we will submit our recommendations 
with complete information. 


Write for Bulletin 658. 


Saturable Reactor 
with tap changing transformer 


Also a complete line of 
dry-type transformers. 


All standard and intermediate ratings, 
Y% Kva to 10,000 Kva, 
120 to 15,000 volts. 


Sales Engineers in principal cities 
Consult the classified section of your tele- 
phone directory, under the heading “Trans- 

* formers,” or communicate with our factory. 


Sorgel Electric Company 


834 W. National Ave., Milwaukee 4, Wis. 
Over 40 years of electrical manufacturing 
development 
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You can read temperatures 


instantly with the 


SHAWMETER ___---- 


For flowing, moving or 
stationary objects 


SHAW INSTRUMENT CORPORATION 
P.O. Box M-46, Latrobe, Pennsylvania 
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two-color pyrometer 


direct-reading 


Send for new 
bulletin that 
gives detailed in- 
formation on 
this unique in- 
strument, 


DERMITRON 


NON-DESTRUCTIVE 
COATING THICKNESS TESTER 


FAST... ACCURATE 
NON-DESTRUCTIVE 
DIRECT-READING 


@ instantly measures the thickness 
of metallic and non-metallic coat- 
ings and films 

@ Based on eddy-current principles 

@ Enables measurements on small or 
otherwise inaccessible areas 


This portable instrument for both lab- 
oratory and production use, gives fast, 
accurate and direct readings of virtu- 
ally any coating on any base, including: 


® Metal coatings (such as plating) on 
metal base (magnetic and non- 
magnetic) 

@ Non-metallic coatings (such as 
paint, anodizing, hard-coat,ceramic) 
on metal base 

@ Metal films (such as vacuum met- 
alizing) on non-metallic base (plas- 
tics, ceramics) 

Write for latest bulletins and ques- 


tionnaire to help solve your thickness 


testing problems 


OCESS 
ASSEMBLIES, INC. 
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LIST NO. 


the QUENZINE STORY 


Low priced, more readily available carbon 
steels can often replace alloy steels when 
quenched in Beacon 
Quenching Oils with 
QUENZINE added. 
For information on 
this additive and 
other Beacon Brand 
Heat Treating Com- 
pounds write to... 


ALDRIDGE 
INDUSTRIAL OILS, Inc. 


Ohio 


3401 W. 140th St., Cleveland 11, 
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NEWAGE 
TESTER 


© CLAMPS, JAWS & BASE PLATE ARE ELIMINATED 
@ NO CONVERSIONS OR CALCULATIONS 

@ TEST ANY SIZE, SHAPE OR TYPE METAL 

NO SKILL REQUIRED 

@ SCALE READINGS IN ROCKWELL & BRINELL 

© ACCURACY GUARANTEED 

Many thousands used by industry and government. 
Write, wire or call for additional details and prices. 


NEWAGE INDUSTRIES, INC. 


222 York Road Jenkintown 5. Pennsylvania 
TUrner 48494 Dept. MP 
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HARDNESS TESTING 
SHORE SCLEROSCOPE 


ie Stondrd Sine TESTER 


Available in Model C-2 
(illustrated), or Model 
D dial indicating with 
equivalent Brinell & 


Rockwell C Hardness MAGNETIC ANALYSIS... by 
selective 10 © 
kg minor 


Numbers. May be used 
freehand or mounted on 


bench clamp. MULTI-METHOD EQUIPMENT 


OVER 40,000 Electronic equipment for non-destructive 
IN USE production inspection of steel bars, wire 


rod, and tubing. Detects mechanical faults 

SHORE INSTRUMENT and variations in composition and physical 70 

90-35M Wyck properties. Average inspection speed 120 oP - METRIC TOOLS, INC. 
ft. per minute. 137mPr VARICK STREET, NEW YORK 13 
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MULTI-FREQUENCY EQUIPMENT 
THERMOCOUPLES An eddy current tester with six inspection 


PROTECTION TUBES methods operating simultaneously — for high Wilson “Rockwell” 


speed, non-destructive testing of non-ferrous 


THERMOCOUPLE WIRES and non-magnetic tubing, bars and wire from 


and sub-surface flaws, and variations in 


INSULATORS chemical, physical and metaliurgicail prop- 


erties at speeds of 200 to 600 ft./min. 


PROMPT 
SHIPMENT 


from STOCK WIRE ROPE EQUIPMENT 


: Electronic equipment for inspecting ferro- 
REQUEST magnetic wire ropes from 1/32” to 3” 
CATALOG diameter. Detects broken, cross-over or 
and QUOTATION Se . missing wires, plus defective welds and 

» deformations at production speeds up to 
several hundred feet per minute. 


ARKLAY S. RICHARDS CO., INC. 


manufacturers since 1938 


74 Winchester Street 
NEWTON HIGHLANDS 61, MASS. COMPARATORS AND METAL TESTERS 


Electronic instruments for production sorting 
LIST NO. 31 ON INFO-COUPON PAGE 189 of both ferrous and non-ferrous materials ; 
and parts for variation in composition, ee ” 
structure and thickness of sheet and 
rnp: on B, C, N, T and other scales 
e Easy to operate—change from 
“Rockwell” to ““Rockwell’’ super- 
DEMAGNETIZERS ficial testing in seconds 

e Large direct-reading dial with 
Electrical equipment for rapid and efficient one set all 


demagnetizing of steel bars and tubing. * 2 
When used with Magnetic Analysis Multi- e Complete equipment includes 


Method Equipment, inspection and demag- cowl, ball penetrator for B and 
netizing can be done in a single operation. T scale, “Rockwell” test blocks, 
anvils, dust cover, and protective 
sleeve set 

e Complete line of accessories 
@ Now with TENSILKUT. whatever 


MAGNETISM DETECTORS available 
your testing methods or materials, you 


can have perlect precision machined Inexpensive pocket meters for indicating Wrible to Dept. DU. Ask for Bulletin TT-59 
apectnens in residual magnetism in ferrous materials 
@ TENSILKUT precision machines all foil, film, sheet \ wwii LSON ROCKWELL” 
and plate metals . . . from .0005” foil to .500” plate. Hard 
001 stainless steel foil to soft '2” aluminum, soft plastic 
film 1 mil in thickness or the abrasive glass laminates HAR pe ESS TESTE RS 
in 500” plate, are machined with specimen contigura- 


tions accurate to + .0005”". Machined edges are com- Wilson Mechanical ACCO 
~ 


pletely free of cold working or heat distortion and 
require no hand finishing. Instrument Division 


@ TENSILKUT table and floor models are available with ae 
motors from ‘2 to 242 h.p. Write for free brochure. ' : a} American Chain & Cat | 


SIEBURG INDUSTRIES mcorroraro 42-44 Twelfth St., Long Island Company, Inc. 
Danbury Industrial Park, Danbury, Connecticut : 230-F Park Avenue, New York 17, N.Y. 
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A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 
CASTINGS IN FERROUS AND 
NON-FERROUS. METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 
maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
are reaming small 
dia. of counter- 
bored hole and 
drilling and tap- 
ping for set screw. 
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WRITE, WIRE or PHONE 
FOR YOUR CATAL 


Reduce your assembly problems and costs. 

shapes continuously formed, with high 
degree of accuracy, from ferrous or non- 
ferrous metals. Write for Catalog No. 1053. 


screws ve 
clean—bright—shiny—heads 
Srar srainzess co. 
647 Union Bivd., Paterson2,N. J. 
Telephone: CLifford 6-2300 
Direct N.Y.'phone Wisconsin 7-6310 
RESISTAGT Direct Phila. ‘phone WAlnut 5-3660 
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MAIN GPFICE ANG PLANT 


3761 OAKWOOD AVE. * YOUNGSTOWN, OHIO 
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...over any surface! 


| 


The New WIRETEX Model B-1 TRAY for 
pusher and horizontal type furnaces is 
designed to cut ‘‘moving”’ costs. Tapered 
runners permit riding over the roughest 
surface and obstructions freely. Compact! 
Rugged arc (not pressure welded) welded 
construction assures a long life under the 
Standard units: 34” long, 22” wide, 6” 
nigh, saga sizes, all metals and alloys 
Bridgeport 5, Conn, 

Call WIRETEX for all your heat treating 
ialists in P: ing Carriers Since 1932. fixtures, and save. 


5 Mason Street, 
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FIRST 


24K Acid Bright Gold 


NEW THE WORLD'S HEAT RESISTANT 


HEAT RESISTANCE 


5 HOURS 400° Minimum Mik ROR 


150+ KNOOP 


For complete information 


TEMPERATURE RANGE 
65°F to 115°F 


“CON OPERATION 


ORE ADDITION. BARREL or TANK 


Technic: 


SBR IGHTNESS 


Write,Wire, Phone or TWX P.0.8OX 965 PROVIDENCE, R. I. 
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at 7001 NO. CLARK ST. CHICAGO 26 ILL. 
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other extruders 
said it couldn’t be done... 


5 GENERAL DID iT! 


The manufacturer of heaters wanted a 
hearth bottom —a fluted, gold-anodized 
aluminum extrusion. Specifications called 
for a 7” x .050” shape. Extruders with 
presses that take &” diameter billets said 
it couldn't be done because of the thinness. 
too great a reduction ratio. 

3-E.1. engineers came up with the extru- 
sion, on a 5” press! The shape is extruded 
half round, then straightened, notched and 
bent, holes punched, and finally gold- 
anodized 

If you have a problem involving alumi- 
num fabrication, finishing or extrusion, 
why not take it to General, pioneers in 
developing new uses for extruded aluminum. 


GENERAL EXTRUSIONS, INC. 
4040 Lake Pork Rd., Youngstown, Ohio 


MARTINDALE 


METAL SAWS 


for fast, 
precision sawing, 
slotting, mica 
undercutting 


HIGH SPEED STEEL 
OR TUNGSTEN 
CARBIDE 


Milled, hardened and 
ground by skilled, expe- 
rienced craftsmen to ex- 
acting specifications. 


Available in 4%” to 4” O.D., complete range 

of thicknesses and tooth designs, “U” slot 
; or “V” cutters. Get finest saw blade per- 

formance—lowest operating cost. 


Send for NEW CATALOG and prices 
on these ond other maintenance, 
sofety and production products. 


the GENUINE 
BRINELL 


HARDNESS TESTING MACHINES 
made by the Alpha Co. of 
Sweden and available from 
our stock at New Rochelle 


Never approached in 
ACCURACY AND 
CONSTANCY of cali- 
bration .. at the 
standard 3000kg test 
load .. . maximum 
error plus or minus 

2% kg 


Write for Bulletin 
No. A-18 


Sales Offices at St. Louis, Detroit, 
Pittsburgh, Cleveland, and Chattanooga 


Consult your classified phone book under 


phone MARTINDALE ELECTRIC CO. 


. 141 ON INFO-COUPON PAGE 189 


GRIES INDUSTRIES, INC. 
Testing Machines Division 


Cleveland 7, Ohio NEW ROCHELLE 3.N Y_ 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 
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Describes National Uitrasonic Corporation's: 
lications Laboratory service. You: 
parts are ultrasonicaliy and 

equipment and cost recommendations are 
made at no charge. 
STANDARDLINE medium power cleaners 
for all applications requiring average 
energy levels. 
HEAVYDUTYLINE high power cleaners for 
industrial applications requiring high 
energy density. J 
NUclean® solvents and detergents especially 
formulated tor ultrasonic cleaning. 


THE HOOVER COMPANY 

Die Castings Division PNB . 

North Canton, Ohio Mo e., tri 

in Canada—Hamilton, Ontario ESsex 1-0550 « TWX NK 1030 
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Need Help Designing That Aluminum Extrusion? 


“The Beot TEAM UP 


HEAT RESISTING ALLOYS 
Ready When You Need Them 


HTRUSIONS | 


The difference starts the moment you meet 
the Jarl salesman. He's an engineer . . . 
well qualified to make on-the-spot rec- 
ommendations in designs. Team up with 
Jarl and you'll get the right shapes made 
to most exacting design specifications. 
You'll be sure of close die control . . . 
quality safeguards every step . . . on-time 
deliveries. Send for our stock die catalog 
or send rough sketches for assistance with 
your design. 


ANODIZING 
JARL EXTRUSIONS, INC. 
Dept. MP, Linden Ave. + East Rochester, N. Y. 
LIST NO. 165 ON INFO-CCUPON PAGE 189 


Please Send for Stock List and Literature 


we. 
and Conosin Kesiiant Specialisia 


5309 Concord Avenue e@ Detroit 11, Michigan 
Phone WAlnut 1-4462 
LIST NO. 234 ON INFO-COUPON PAGE 189 


330 William Street ¢ South River, New Jersey 
Phone Clifford 4-4516 
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Winitelig nd 
MAGNESIUM 


SARS, STRIPS min.to7 

in. to max 
comprehensive soLib SHAPES min, to 
independent 


mill source TUBING 0.0. to 6” 0.D. 
of magnesium HOLLOW "SHAPES |, circle 
alloy. . PLATE & SHEET “092” to 3” thick 


HITE METAL 
ROLLING « STAMPING corp. 


82 Moultrie Street, Brooklyn 22, N.Y. 
Factories: Brooklyn, N.Y. e Warsaw, Ind. 
Los Angeles Warehouse: 6601 Telegraph Rd. 
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‘How to Cut 
Pot Costs: 


Buy low-cost Eclipse pressed (not 
welded) steel pots . . . and replace 
them on a regular schedule. 


1 Lower initial cost 

2 Elimination of failures 

3 Faster, more even heating 

4 Quantity discounts earned on 
your total purchases in any 
12 month period 

Guaranteed free from defects. Write: 

Eclipse Fuel Engineering Company 

Inductrial ti Divisi 


1127 Buchanan St., Rockford, lil. 


PRESSED STEEL POTS 
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revolutionary * low cost 


permits direct. accurate 
teadings corresponding 
to Vickers within a few 
seconds 


e ideally suited for on 
the-job production work 


eeliminates a micro 
scope, conversion charts. 
complicated tables 


efor rapid and accurate 


4 
checking of surtace layers fa 
thin sheets, flat springs 
instrument parts, wire 
punches, etc 
e can be obtained in | kg 


or 2 kg loads penetrating x 

ae 222 YORK ROAD 
JENKINTOWN 5, PA. 
00016” respectively TUrner 4-8494 


Write, wire or coll for full details 
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“SPRAY-ON" 
Dye Penetrant 
Inspection 


SPOTCHECK finds cracks, 
porosity, and leaks you can’t see (any defect open 
to the surface). SPOTCHECK — marks them with 
a brilliant red warning. Users report speedy, money- 
saving results. SPOTCHECK is used to inspect 
metals, carbides, ceramics, plastics, etc. Multi-use 
SPOTCHECK can simplify your maintenance and 
in-progress inspections. SPOTCHECK’S complete 
SK-3 kit is portable; no other equipment needed! 


NEW! NONFLAMMABLE 
PUSH-BUTTON EASE 

FLEXIBILITY . . . Use on tools, parts, 
machinery, etc. 

LOWEST COST Dye Penetrant ma- 
terials — presssure canned or bulk. 
Why use higher priced substitutes? 


COMPLETE SK-3 KIT ONLY 


U.S.A. only 


Plus $1 for pack- 
ing and shipping 


CALL YOUR DISTRIBUTOR or Mail 
Check or P. 0. with Coupon Today! 
MAGNAFLUX CORPORATION 


7328 W. Ainslie Ave., Chicago 31, Illinois 

O Please send___SK-3 kits @ $36.00 each 
plus $1.00 each packing and shipping. 

©) Send FREE bulletin only. Includes low 
SPCTCHECK material prices. 


Name Title 
Company 

Address 

City Zone. State 
LIST NO. 198 ON INFO-COUPON PAGE 189 


ROUND, SQUARE, FLAT AND 
HALF-ROUND WIRE FOR MASS 


PRODUCTION OF SMALL PARTS 
Beryllium Copper  Bronzes 
Other Non-ferrous Alloys 
Rounded or square edges. 
Available with hot-tinned 
finish for solderability. 

Write for descriptive folder. 


UTTLE FALLS, ALLOYS 
193 Caldwell Ave., Paterson 1, N. J. 
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RUST: LICK 


QUEOQUS SYSTEM 


Eliminates RUST 
& 
Fire Hazards 
Non-Flammable 
Non-Toxic 


Send for Brochure: 
The ABC of Rust-Lick 
for Rust Prevention 


RUST-LICK, INCORPORATED 
755 BOYLSTON STREET 
BOSTON 16, MASS 
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flaw detection 
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for every metalworking shop and job — on every 
metal form and fabrication! Pulse-echo SONORAY® 
Model! 5 cffers highest performance, easy portability 
and operation, assured nationwide service, at 
a price of only $2750. Ask for Bulletin T-200. 


BRANSON INSTRUMENTS, INC. Sramroro; conn. usa 
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MORE THAN 50,000 


METALLOGRAPHIC SAMPLES 
POLISHED DAILY WITH 


DISA-ELECTROPOL 


EXCLUSIVE “DISA” FEATURES 

@ Quick and convenient exchange of electro- 
lvies 

@ "On the spot” polishing of large objects by 
"“Movipol" attachment 

@ Components for external etching with every 
“Disa” 

For compiete information on this and other metal- 

lographic spe-imen preparation apparatus write or 
e 


phon 
WILLIAM J. HACKER & CO., INC. 


P.O. Box 646, W. Caidweli, N.J. Tel. Capital 6-8450 
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KENTRON 


MICRO 


Applies 1 to 10,000 gram loads 
Write for Bulletin 


Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 
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FAST e ACCURATE 


Low Cost Analysis 
HIGH TEMPERATURE 
MLOYS 


Crobaugh Laboratories uses new X-Ray 
Spectrometer and conventional methods to get 
accuracy from 1 p.p.m. range to 100%. 


COMPLETE METALLURGICAL TESTING SERVICE FOR 


@ Hydrogen, Oxygen, Nitrogen Analysis 


@ Elevated Temperature Tensile and Stress 
Rupture 


@ Low ond High Temperature Impact 


@ X-Ray, Radiography 
Write for Complete Facilities Brochure fn 
THE FRANK L. CROBAUGH CO. 


Member + American Council of Independent Laboratories 
3800 Perkins Ave. + Cleveland 14,0. - UT 1-7320 
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Measures Nonmagnetic 
Coatings with 
+5% +.0001” accuracy 


NEW 
pocket-size 
Thickness 
Gauge 


ew 


ELCOMETER measures thickness of por- 
celain enamel, paints, platings, foils, glass, 
paper, plastics, and other nonmagnetic 
coatings quickly and accurately. Gauges 
flat or curved surfaces and hard-to-get-at 
spots easily. Needle locking device assures 
correct reading every time. Complete with 
tough leather case, containing inner pocket 
for test strips, and carrying harness. 
Weighs only 6 oz. 


FREE TRIAL, Ask your purchasing 
agent to order an Elcometer on trial 
basis. Retail price, F.O.B. Cleveland. 


ONLY 
$78.75 


FERRO CORPORATION 


4155 East 56th Street 
Cleveland 5, Ohio 
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Portable and Precise 


HARDNESS TESTER 


Model ST-5 


@ Weight: 7 oz. 
@ Length: 6% in. 


Direct scale readings in 
Rockwell and Brinell. Make 
hardness tests anywhere in 
seconds. Ideal for testing 
specimens too large for 
standard testing equipment. 
Saves time and labor moving 
heavy pieces to a bench- 
tester. Quickly calibrated. 
Easy to read. Used by many 
large industries. Accessory 
equipment includes test stand 
and carrying case. 

Write for full information. 


MECHANICAL DEVICES, 


Inc. 
10640 Harper Ave., Detroit 13, Mich. 
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THE CYCLOGRAPH, (Model C) 


Eddy-Current Instruments 

for Unscrambling Metal Mixups 

This instrument permits truly high speed, non- 
destructive sorting of raw, semi-finished or 
finished parts by their metallurgical characteristics. 
With the new Automatic Sorter Unit, speeds up to 
300 pieces per minute are possible with the use 
of suitable feeding equipment. Used by leading 
industrial firms everywhere. 


J. W. DICE CO. 3 


© ‘“‘Non-destructive Testing and Measuring Instruments” 


In Canada: Tatnall isengins and Nuclear Systems, 
4d., Toronto 
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Metals Park, Novelty, Ohio 
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RESEARCH DIRECT-READING 


SPECTROGRAPH 


by Baird -Atomic 


Combines the versatility of a spectrograph and 
the speed and precision of a direct reader. 


@ Easy conversion between photographic and direct read- 


ing accomplished in minutes. 


@ Fast routine analysis by direct reading approach 


-results in minutes 
-precision permits analysis of high alloys. 


@ Frees spectrograph for research and non-routine inves- 


tigations. 


@ Direct reading features can be added later in field — 
you can buy spectrograph now, direct reader later. 


for B/A's Introduction 
to Optical Emission 
Spectrochemical Instruments. 
* DR Heads 
(allow a variety of direct reading setups, fourteen elements per head) 


‘DIRECT 
@ Easily Repositioned Exit Slits 
(new applications easily set up with patented slit setting technique) 
@ Automatic Optical Servo Monitor 
(maintains precise optical alignment, eliminates need for temperature 
or barometric pressure control and shock mounting) 
READER 
@ Baird-Dow patented Logarithmic Readout 4 
(used in over 200 B/A Direct Reading Spectrometers) S| 
 @ High Resolution and Dispersion 
(5.56 A/mm dispersion in Order | with 15,000 groove/inch grating. ¥ 
SPECTRO- 2825A wavelength range covered in one exposure (20-inch camera) ‘ 
@ High Orders Conveniently Available 
Hi | (up to Order 30 with 5,000 groove/inch grating) a 
@ Best Trace Element Sensitivity 
GRAPH (single optical surface minimizes light losses and scattered light ae 
—results in highest line-to-background ratio) ‘% 
« Sharp, Clear, Uniform Spectrum Lines 2 


OFFICES IN: Boston New York Philadelphia Patsbrgh Cleveland Detroit Chicago Atlanta Washington 


os Angeles San Francisco Dallas and Principal Cities Abroad 


® 
Baird-Atomic, Inc. 


33 UNIVERSITY RD., CAMBRIDGE 38, MASS. 


Hot Pressing Powders... 


dated in this way. However, flake 
with higher chlorine (about 0.1%) 
gave unsatisfactory results, the metal 
suffering localized corrosion appar- 
ently from entrapped chlorides. The 
consolidated zirconium sponge gen- 
erally contained undesirable inclu- 
sions, probably derived from traces 
of magnesium chloride remaining 
after vacuum heat treatment in the 
manufacture of the sponge. 


Fabricating Specific Parts 


A few examples of materials and 
components fabricated by the meth- 
ods already outlined will be de- 
scribed briefly. Beryllium powder 
was hot compacted at 820°C. 
(1500° F.) with a pressure of 27,- 
000 psi. to produce disks, rings, and 
cylinders from which various com- 
ponents were machined. A selection 
is shown in Fig. 3, p. 107; at 
bottom are ferrous alloy slabs with 
elliptical cooling channels. These 
are prepared by cold compacting a 
powder mass containing wax rods 
set in a plane perpendicular to the 
axis of compaction. Dewaxing and 
sintering followed. Above this (left) 
is a beryllium pressure tube for con- 
taining gases at pressures up to 3000 
atmospheres (for X-ray work) pre- 
pared from hot compacted beryllium 
powder. At right is a rectangular 
beryllium cyclotron target, com- 
pacted in a mild steel frame at 
800° C. (14759 F.) and machined. 
In the middle is a beryllium X-ray 
window, 0.01 in. thick, compacted 
in a Nimonic 75 frame at 850°C. 
(1560° F.). 

At the top of Fig. 3 are straight 
and curved strips of ‘boral’ plate. 
This plate consists of a layer of boron 
carbide and aluminum cermet put 
between aluminum sheets; it is used 
as a neutron shielding material. In 
fabricating this material, the cermet 
layer was formed by both cold and 
hot compacting in the same alumi- 
num frame. A large frame, 32 x 
13% X 3 in. was welded from an 
extruded aluminum section (3 x 1 
in.). This was placed on the bot- 
tom flat die of a press which was 
filled with a tamped mixture of 
—240 mesh boron carbide and 
—72+200 mesh aluminum (atom- 
ized) powder in proportions of 30 
to 70 by weight. The whole setup 
was cold pressed to 1.6 in. between 
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The fastest dissolving low-carbon ferrochrome for stainless steel 

is new SIMPLEX ferrochrome. Ideal for use during slag reduction or 
finishing, the alloy penetrates the slag easily and provides rapid 
cooling of the bath. Its carbon level is so low—0.010 or 0.025 percent 
maximum carbon—that additions generally lower the bath carbon 
content. And it is one of the lowest priced low-carbon ferrochromes 
available. 


Ask your UNION CARBIDE METALS representative for additional 
information about this unique new alloy. 

UNION CARBIDE METALS COMPANY, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, N.Y. 

In Canada: Union Carbide Canada Limited, Toronto. 


For more facts on 
rapid solubility, 
write for this new 
six-page SIMPLEX 
ferrochrome folder. 


UNION 
METALS 


Electromet Brand Ferroalloys 
and other Metallurgical Products 


The terms “‘Electromet,” “Simplex,” and “Union Carbide” are registered trade marks of Union Carbide Corporation, 


“This new SIMPLEX ferrochrome melts like butter” 
> 
a 


Job report courtesy of 
Superior Welding Company, Decatur, iil. 


How to get maximum corrosion resistance 
from Welded Stainless Steels 


STAINLESS ELECTRODES 


This reactor type vessel is used by the chemical industry to produce 
paints and resins. Effective resistance to corrosion depends largely 
upon the quality of its welded joints. Arcos CHROMEND HCN and 
CHROMEND K-LC Electrodes were selected to meet these critical 
demands. The inner vessel is 304 ELC clad carbon stee]—all 
other parts in contact with the charge are also 304 ELC. Whatever 
your job, there’s an Arcos Stainless weld metal of the right analysis 
for dependable results. ARCOS CORPORATION, 1500 South 
50th Street, Philadelphia 43, Pa. 


Hot Pressing Powders... 


clean flat dies under 12,000 tons. 
The resulting framed compact, 
which was quite robust for handling, 
was superficially cleaned by brush- 
ing and air blasting to remove the 
boron carbide fins from the surface 
of the compact, where they would 
interfere with bonding .to the clad- 
ding plates. The compact was now 
clad with 0.4-in. aluminum plates on 
each side, and the plates were 
welded to the frame. This enclosed 
the compact material, but left a few 
small gaps for gases to escape dur- 
ing rolling. The slab was heated to 
620° C. (1150° F.) in an electrically 
heated billet furnace and rolled in 
nine passes to 0.25 in. thick in the 
direction of the smaller dimension 
of the frame, the gas escape holes 
being kept to the rear. The rolling 
temperature was kept above 280° C. 
(540° F.), but reheating was not 
generally required. After trimming 
of the rolled aluminum frame, the 
boral plate was about 8 ft. 6 in. 
long and 2 ft. 6 in. wide. Samples 
tested in a current of thermal neu- 
trons had an average attenuation 
factor of 1300, and a minimum fac- 
tor of 1000. 

Figure 4, p. 108, shows forgings, 
stampings, and other parts of steel- 
sheathed beryllium. At the bottom 
are two types of stampings. They 
are shown before and after the steel 
sheath has been dissolved away by 
dilute nitric acid to illustrate the 
good matching of the contours of 
the beryllium and the steel outer sur- 
face. Above these are samples of 
forgings with half the steel sheath 
removed from each. The blank 
forged with a waist is satisfactory, 
but the extruded rod flattened axi- 
ally shows undesirable edge crack- 
ing. Next to these (right) is shown 
a test specimen which has been ma- 
chined from extruded beryllium. @ 


Sponge Iron. . . 


(Continued from p. 115) 
Fierro Esponja S.A. is installing a 
new 500-ton-per-day plant next to 
the existing unit. This new plant, 
scheduled to be in operation early in 
1960, has been designed and is be- 
ing built by the M. W. Kellogg Co. 

Raw material requirements per 
metric ton (1.1 short tons) of iron, 
in the sponge iron for an 85% re- 
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Sponge Iron... 


duced ore, will be lower than for the 
existing unit. The following values 
are expected: Natural gas, 18,000 
cu.ft.; electric energy, 7 kw-hr.; 
water, 141 cu.ft.; ore, 1.75 tons. 
Labor will drop to about one-half 
man-hour since the whole operation 
will be simpler. Fuel economy will 
be achieved because of better heat 
conservation. Less electric energy 
will be used because steam is em- 
ployed as prime mover in turbines. 
(Hence, very little excess steam is 
left to be used elsewhere.) Since 
each turbo-machine will have its own 
electric motor standing by, there is 
considerable versatility in plant op- 
eration. Electric power can be used 
whenever economic conditions make 
it worth-while to allot steam to other 
uses. 

Economic success of Fierro Es- 
ponja’s sponge iron plant, coupled 
with an increase in the quality of 
rolled products fabricated with this 
sponge iron, has made this departure 
from conventional ironmaking proc- 
esses very attractive. This new gas- 
eous reduction process will undoubt- 
edly have an important bearing on 
future developments of the world’s 
steel industry. 


Training Metallurgists 


(Continued from page 127) 
state. Limited and casual encoun- 
ters with them prompt the observa- 
tion that they have unlimited capa- 
bilities of shunning the cult of spar- 
kling personality. Clothes are dull 
and faces show grave preoccupation 


with routine studies. Even among 


the galaxies of girl students to be 
found in every establishment, there 
was but little outward sign of femi- 
nine freedom, frivolity, or individu- 
ality which bless their sisters of the 
Western world. 

As previously mentioned, time- 
tables are heavy and patterns of 
behavior are well disciplined. Two 
organizations play an important part 
in the management of student life. 
One, the “Students’ Trade Union”, is 
primarily concerned with welfare, 
including cultural activities, social 
insurance, supply of meals, living 
conditions, and in fact very many of 
the responsibilities and administra- 
tive arrangements which, in this 


JANUARY 1960 


WELD WITH 


When low alloy weld requirements 


are as critical as these 


Job report courtesy of 
McKiernan-Terry Corp., Dover, N. J. 


LOW HYDROGEN ELECTRODES 


This crosshead weldment—part of a Navy steam catapult for 
launching jet fighters—must withstand the repeated powertul 
surges of steam under high pressure. Arcos Tensilend 80 elec- 
trodes were used to weld the SAE 4130 low alloy steel. After pro- 
gressive magnaflux checking, and proper stress relieving, all 
welds were found to meet the high strength and toughness re- 
quired for this kind of service. For the right weld metal—for the 
right welding techniques—for your tough welding problems— 
call on Arcos. ARCOS CORPORATION, 1500 South 50th Street, 
Philadelphia 43, Pa. 


Training Metallurgists ... 


country, are seen to by the school 
authorities. The other organization 
is the “Komsomal” which takes care 
of certain educational functions such 
as the organization of small groups 
of students, normally from the same 
year in the same department, who 
endeavor to do everything together 
in the search for culture at the opera, 
theater, art gallery, exhibition, dis- 
cussion group or country ramble. 


The objective is clear — in brief, the 
student “strengthens the collective” 
by conformity to the precise plans 
made for him. 

Many students come from distant 
parts and even from overseas. It was 
indeed quite a shock to hear a lec- 
ture at Moscow University in the 
English language and then to note 
that the students were a group of 
Egyptians! At this University there 
are hostels, accommodating 6000 
students with single or double rooms 
rather sparsely furnished and of lim- 


Large Ovens 
Annealing, nor- 


Forming, forging, 


Hardening, tem- 


malizing and car- bending, etc. pering and metal 
burizing. 1500°F.-2450°F. melting. 
1330°F.-2400°F. 400°F.-2400°F. 


Atmosphere Casemaster® 
Generators Small Ovens Atmosphere 
Annealing, braz- Hardening, an- Carbonitriding, 


ing, soldering, 
hardening, tem- 
pering, carburiz- 
ing, sintering and 


nealing, box 
carburizing, nor- 
malizing, stress 
relieving and 


gas carburizing, 
carbon restora- 
tion, clean hard- 
ening and mar- 


normalizing. drawing. quenching. 
Capacities to 300°F.-2400°F. 1400°F.-1800°F. 
20,000 CFH. 


You get these important advantages with 


SUNBEAM Standard Furnace Equipment 


* Fast Delivery * Wide selection 
* Pre-tested, piped and wired * Fuel tired or electric 
* One source for allequipment * Completely engineered 


Write today for descriptive literature 
SUNBEAM EQUIPMENT CORPORATION 


194 Mercer Street Meadville, Pennsylvania 


Standard and special furnace equipment for any heat process 


ited size. At other institutes the 
accommodations are even more aus- 
tere; four to six students may be 
packed into a bedroom, sitting-room, 
study with real economy of space. 
The students in such a room are usu- 
ally of the same year and the same 
department and form a “collective 
group” where individual differences 
can be ironed out and where mutual 
assistance can be provided to each 
other's academic progress and uni- 
formity of outlook. 


Rewards 


Students receive grants ranging 
from about 300 rubles per month in 
their first year to about 500 in their 
final year. Hostel accommodation 
may cost 15 rubles per month and 
meals may swallow up most of the 
balance for the first-year student, un- 
less, of course, he cooks his main 
meal himself. Postgraduate workers 
may receive about 1000 rubles per 
month, while the senior teaching 
staff will get up to 10,000 rubles per 
month and perhaps even more. By 
comparison, the average wage in a 
Moscow car factory is about 900 
rubles per month. Cost of living is 
difficult to compute; while the basic 
necessities of life are reasonably 
cheap, the luxuries can soar to astro- 
nomical levels. 

We were told that graduates are 
readily absorbed into industry, 
teaching staffs, research institutes, 
or elsewhere and, in fact, generally 
fit into the planned system whereby 
supply equals demand. In visiting 
several industrial establishments, we 
were struck by the very large num- 
bers of graduates employed — far 
greater ratios than those found in 
England or in the United States. 
The reasons were not made clear to 
us, but it is certain that many of 
them are employed in tasks which 
we assign to technicians, draftsmen 
and other skilled workers.* It is to 
be remembered that Russia has ex- 


*EpDITOR’s FOOTNOTE—An interest- 
ing “self-criticism” of one branch of 
engineering education in the U.S.S.R. 
is found in the Foreword to the Jan- 
uary 1959 issue of their journal 
Automatic Welding, as translated by 
the British Welding Research Asso- 
ciation. This unsigned article em- 
phasizes the large expansion of weld- 
ing techniques necessary if the equip- 
ment is to be built to meet the new 
seven-year plan for expanding heavy 
industry by about 60%. To meet 
this challenge, “serious attention 
must be paid to improving the train- 
ing of fresh teams, familiar with 
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HOUGHTON SELLS HEAT TREATING RESULTS 


“Shirt-sleeve’’ service, on your job and in your plant, goes with 
every Houghton salt you buy. A team of specialists is added to your 
heat treating staff—men who are backed up by many years of 
experience and the most extensive research facilities in the business. 
It is their job to see that you get the heat treating results you want, 
no matter how difficult the assignment. 

Ask the Houghton Man how you can get fast, uniform metal 
treatment, batch after batch. He’ll recommend the salt you need — 
for tempering, martempering, annealing, quenching, carburizing, 
nitriding, normalizing and hardening of metals. And he’ll stay on 
the job till you get the results you want. 

This extra Houghton service is yours for the asking. Just talk to 
your Houghton Man or write direct to E. F. Houghton & Co., 
303 West Lehigh Ave., Philadelphia 33, Pa. 


LIQUID SALT BATHS... products of 


Ready to give you 
on-the-job service... 
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HOUGHTON Liquid Salt Baths 
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ne etals Division, 5000 Ib of alloy is pour 
this igh vacuum induction furnace—the largest _ 
orld. Exact alloy properties can be obtained 
ter-heat with labolatory consistency. 


Are you after highest 
alloy properties in 
heat-after-heat? 


100 per cent alloy composition control 
assured by vacuum induction melting 


Highly reactive elements enhance high-tem- 


perature alloy properties. Today, only one 
production metal refining process can effec- 
tively control the action of these elements, 
and—heat-after-heat—meet the most exact- 


ing alloy specifications. 


The process is vacuum induction melting, 
and the only specialist in this process is the 
Metals Division, Kelsey-Hayes Company. 


In a specially designed plant which con- 
tains seven vacuum induction furnaces with 
a monthly capacity of 1 million Ib, the Metals 
Division produces over 50 alloys for critical 
high-temperature, high-stress applications 
such as aircraft gas turbine buckets and 
wheels, missile and nuclear components. 
Alloys like Uprmer 500 and 700 were de- 
veloped by Metals Division. The Division is 
the leading producer of vacuum induction 
melted Waspaloy, M-252, and other alloys. 


SUPERALLOYS 
i 
Write for Your Free Copy 
of the Metals Division's 
new 36-page book— 
“Superalloys by Vacuum 
Induction Melting.’’ 
Dept.10A, Metals Division, 
Kelsey-Hayes Company, 
New Hartford, New York. 


METALS DIVISION 


KELSEY-HAYES COMPANY 


NEW HARTFORD, NEW YORK 
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panded her economy at an enor- 
mous pace and the “traditional” 
workers with their locally developed 
skills are few and far between. Thus 
the ready availability of trained 
technologists may be a godsend in 
providing a man for the job, almost 
ready-made. Furthermore, pioneer- 
ing is the spirit of the times in 
Russia, where new industries spring 
up in more and more remote places. 
Here again the trained technologist 
will have the versatility and aptitude 
for the task. 

The foregoing will, I hope, give 
the reader a modest idea of the task 


which Russia has set herself in mod- 
ern technological education and how 
she is achieving really vital objec- 
tives. Numbers alone can strike a 
formidable note, and let us have no 
doubts as to the average caliber of 
the product. Science and technology 
attract the pick of youth, all anxious 
to develop and prosper in that coun- 
try; mental discipline is severe and 
the ultimate objectives are clearly 
set by the unlimited authority of the 
state. 

The high degree of specialization 
which is possible is particularly note- 
worthy and Russian industry is 
bound to profit thereby. In this 
education, there are the closest ties 
between teaching, research and in- 
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dustry and in this factor alone we 
have much to learn from the 
Russians, S$ 


Pig Iron From 
Iron Sulphide 


Digest of “The Iron and Steel 
Industry of Western Canada, 
With Particular Reference to 
British Columbia”, by G. P. Con- 
tractor, Ferrous Metals Section, 
Canadian Department of Mines, 
Ottawa, Ont. 


is 100-PAGE REPORT really sup- 
plements the somewhat larger one 
issued in 1954 on the same subject 
and briefly reviewed in Metal Prog- 
ress for June 1955 (p. 108). In 
order to show what the situation is in 
the western province, the author 
reviews the whole Canadian indus- 
try, and outlines some unconven- 
tional processes as well. From the 
standpoint of economics, the pros- 
pects of a large industry in British 
Columbia ore are only about 10,- 
000,000 tons, and this would cer- 
tainly not support a blast furnace 
operation using 1,000,000 tons per 
year. In addition, there is very little 
demand for pig iron in British 
Columbia, and, also, practically no 
source of coal which would make a 
satisfactory coke. 
The amount of steel consumed in 
British Columbia in 1956 was only 


welding techniques”, in the words 
of the Russian author. He contin- 
ues further: 

“At the overwhelming majority of 
universities in our country, welding 
engineers are trained at the mechan- 
ical faculties, where future special- 
ists are taught about machine parts, 
theoretical mechanics, the theory of 
machines, technical draftsmanship, 
descriptive geometry, and so on, but 
they ave not taught sufficient about 
the science of metals. On leaving an 
Institute, a graduate receives the 
title of Welding Engineer-Mechanic, 
but actually he is more a mechanic 
than a welding engineer. 

“To meet the new conditions, a 
welding engineer must have a pro- 
found knowledge of metallography 
and metal physics, including the heat 
treatment of metals, the metallurgy 
of various steels and alloys, physics, 
chemistry and physical chemistry. 
However, the necessary attention is 
not being paid to these subjects at 
the mechanical faculties. It has now 
become necessary to pay considerably 
more attention to the study of the 
metallurgical process. Only on this 
condition will our industry receive 
teams of engineers capable of im- 
proving Soviet welding techniques.” 
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400,000 tons, and about 40% of this 
was produced locally in small plants 
melting steel scrap in electric fur- 
naces. About 230,000 tons of steel 
are imported into the province and 
this cetrainly wouldn’t support an 
integrated steel plant which must 
make at least 1,000,000 tons a year 
to make an economical investment. 
Moreover, the product mix is very 
unfavorable: 90,000 tons of struc- 
tural shapes, 80,000 tons of bars, and 
about 58,000 tons of hot rolled strip. 

The author states that steel scrap 
sells in British Columbia at $28 to 
$30 a ton. This can be melted in 
electric furnaces at a very attractive 
figure, much less than in an open- 
hearth furnace. The necessary addi- 
tions of electric furnace plants could 
be made if the necessary rolling mills 
could be justified. 

A very interesting section of the 
report deals with 35,000,000 tons of 
iron sulphide tailings which have 
been accumulated by Consolidated 
Mining and Smelting Co. —a stock- 
pile that is growing at the rate of 900 
tons a day. These tailings can be 
sintered in to an ore of 58% iron, 
10.7% silica, 0.01% sulphur. Traces 
of lead, zinc, tin and copper remain 
but experimental pig iron has been 
made with very low amounts of 
these impurities. Since coal mines 
are also close by and electric power 
at 2% to 3% mils is available, this 
should make a very attractive loca- 
tion for an electric pig iron furnace. 

Since these tailings have no other 
value than cost of sintering, the price 
of iron ore charged to the furnace 
would be low. Mr. Contractor 
thinks that a Norwegian process 
could well be used which invelves 
mixing the ore with about one third 
coal and firing this in a rotary kiln. 
In this operation, about half of 
the oxygen is eliminated from the 
iron ore, yielding a _prereduction 
product which is charged hot at 
about 2000°F. into the electric 
smelting furnace. The requisite 
amount of lime flux is added to the 
kiln. By prereducing the ore in this 
process, only about 1000 kw. per 
ton of iron is consumed in the basic 
electric furnace, and irons containing 
less than 0.03% sulphur can be pro- 
duced. A furnace of 400-tons daily 
capacity can be built, using approxi- 
mately 30,000 kw-hr., which should 
make pig iron for about $30 to $35 
a ton, and produce about 150,000 
tons of hot metal a year. Since the 
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price of pig iron in British Columbia, 
which must be shipped long dis- 
tances, is $80 to $90 a ton, this 
should be an attractive operation. 
Another similar method of operat- 
ing of this type is the McWane- 
McDowell Process wherein the ore 
is mixed with about one third its 
weight of coal, pelletized, and then 
sintered to prereduce it. While the 
author does not describe either of 
these processes, he does give a de- 
tailed account of the Strategic-Udy 


process which is almost a copy of the 
Norwegian process, which has been 
operating for five or six years with 
good results. 

In conclusion, it seems as if an in- 
tegrated steel plant in British Colum- 
bia is still a long way off, but suffi- 
cient steel could be made by the 
electric melting of scrap and pig 
iron produced at the Consolidated 
Mining and Smelting Co. at a very 
reasonable figure. 


E. C. Wricut 
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Hydrogen Embrittlement 
in Copper 


Digest of “An Investigation 
of Hydrogen Embrittlement in 
Copper”, by Einar Mattsson and 
Franz Schiickher, Journal, Insti- 
tute of Metals, Vol. 87, 1958-59, 
p. 241-247. 


Furnace for Removal of O, 


Flowmeters 


HEN COPPER containing oxygen 

is heated in an atmosphere con- 
taining hydrogen, the hydrogen dif- 
fuses through the metal and unites 
with the oxygen to form water vapor. 
This vapor cannot escape and re- 
mains at the point of formation 
exerting pressure on the copper. If 
the heating is continued, it can cause 
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Fig. 1—Schematic Dia- 
gram of Apparatus Used 
for Annealing Experiments 
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the pressure to reach values high 
enough to cause intercrystalline 
cracking along the grain boundaries. 
This cracking greatly reduces the 
mechanical properties of the metal. 

This problem is of great concern 
to industry inasmuch as the bright 
annealing of copper in a hydrogen 
atmosphere is becoming a very wide- 
spread practice. Therefore, it was 
decided to make a laboratory study 
of the various factors influencing 
hydrogen embrittlement, such as 
hydrogen pressure, annealing tem- 
perature and annealing time, to de- 
termine whether or not the cracking 
could be avoided. 

The investigation was conducted 
by annealing specimens of tough 
pitch copper in a controlled atmos- 
phere. The temperature, the time 
intervals, and the hydrogen content 
were varied, but only one factor was 
varied at a time. The apparatus 
used is shown schematically in 
Fig. 1. 

The test procedure was as follows: 
Specimens were placed in a furnace 
tube and the air in the tube was 
flushed out with nitrogen containing 
0.5% hydrogen. The tube was 
flushed at the rate of 3 1. of gas per 
min. until the oxygen content of the 
gas in the tube was reduced to 
0.05%. After the tube was inserted 
in the hot furnace and the gas flow 
continued, furnace temperature was 
set at the desired level. 

When the specimen temperature 
had stabilized, hydrogen concentra- 
tion was increased to the desired 
value, and the annealing period was 
started. When annealing was over, 
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the tube was removed from the fur- 
nace for cooling, and the hydrogen 
concentration was adjusted to the 
initial value. As soon as the speci- 
men dropped below 200° F., it was 
sectioned, polished and examined for 
signs of deoxidation and hydrogen 
embrittlement. During these tests, 
the hydrogen concentration was 
varied from 0.5 to 8%, the anneal- 
ing time ranged from | to 5 hr., and 
the temperature ranged from 400 to 
700° C. (750 to 1300° F.) 

Test results indicated that when 
hydrogen is above 2%, the depth of 
embrittlement is proportional to the 
square root of the hydrogen concen- 
tration. Depth also varies directly 
as a function of the annealing tem- 
perature and the annealing time. 

The results also revealed that at 
the beginning of the annealing pe- 
riod deoxidation took place through 
the diffusion of oxygen to the sur- 
face. Furthermore, the rate of de- 
oxidation was independent of the 
hydrogen concentration in the at- 
mosphere. During this time, which 
is called the incubation period, no 
cracking occurred. After the incu- 
bation period, deoxidation, accom- 
panied by cracking, took place as a 
result of the penetration of hydrogen 
into the metal. During this stage, 
the deoxidation rate was dependent 
on the hydrogen content of the 
atmosphere. 

It therefore appears that, during 
the incubation period, deoxidation 
was due to the diffusion of oxygen 
to the metal surface, but during the 
cracking period it was due to the 
penetration of hydrogen into the 
metal. Moreover, the transition 
from incubation to cracking occurs 
when the concentration gradient of 
oxygen toward the surface falls 
below a critical value. 

As a result of this investigation, it 
was determined that, when bright 
annealing, the temperature and 
hydrogen concentration should be so 
selected that the annealing period 
does not exceed the incubation time. 
This signifies that copper with a 
high oxygen content should have a 
long incubation period, and copper 
with low oxygen should have a 
short incubation period. In addi- 
tion, since the effects of repeated 
anneals are additive, the secondary 
anneals, if needed, should be shorter 
than the first. 

BERNARD TROCK 
(More digests on p. 204) 
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d  Molybd fabrication tech- 
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Al-Zn-Mg Alloys 


Digest of “Hot Shortness and 
Mechanical Properties of Alu- 
minum-Zinc-Magnesium Alloys”, 
by W. Patterson and S. Engler, 
— March 1959, p. 124- 


HE TENDENCY of aluminum-zinc- 

magnesium alloys to crack when 
hot (hot shortness) was investigated 
in alloys with 0 to 10% zinc and 0 to 
10% magnesium. The same alloy 
ranges were also tested with a con- 
stant addition of 0.5% copper. The 
results of these experiments can be 
summarized as follows: 

1. Hot shortness of copper-free 
aluminum alloys is highest at about 
7% zinc and 1% magnesium. 

2. Hot shortness of alloys also 
containing copper is highest at about 
4% zine and 1.5 to 2% magnesium. 
With increasing zinc concentration, 
hot shortness remains fairly constant, 
and begins to drop off only when 
more magnesium is also added. 

3. Most aluminum-zinc-magnesi- 
um alloys produced for commercial 
use also contain small amounts of 
iron. In addition, small quantities 
of titanium are included in the alloy 
for grain refining. 

4. Addition of copper to alumi- 
num, either by itself or with other 
elements, increases hot shortness; ad- 
dition of iron reduces hot shortness. 

Mechanical properties of alloys 
with 0 to 10% zinc and 0 to 10% 
magnesium were determined. Four 
test rods of each alloy were cast in 
sand and in a metal mold preheated 
to 400° F. Casting temperature was 
200° F. above liquidus. To deter- 
mine the effect of grain refinement, 
almost all melts were cast with and 
without grain refiner. In each in- 
stance, testing was delayed until ten 
days after casting. Results can be 
summarized as follows: 

1. Sand casting. Highest tensile 
strength at about 4 to 10% zinc and 
0 to 2% magnesium. 

2. Permanent mold casting. High- 
est tensile strength at about 5 to 10% 
zine and 0 to 3% magnesium. Duc- 
tility dropped as zinc and magne- 
sium were increased. 

These results showed the need for 
detailed examination of aluminum 
alloys containing 3 to 12% zinc and 
a little magnesium. The second se- 
ries of experiments was made with 
alloys containing a constant 0.3% 
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copper and 0.8% iron, besides vary- 
ing amounts of zinc and magnesium. 
The results were as follows: 

1. Sand casting. Tensile strength 
increases proportionally in the range 
of 3 to 7.5% zine and 0 to 0.3% mag- 
nesium. A range of approximately 
identical high tensile strength (37,- 
000 to 38,000 psi.) lies between 7.5 
and 12% zinc and 0.3 to 1% magne- 
sium. Hardness increases with ris- 
ing zinc and magnesium contents, 
reaching values slightly about Brinell 
100 in the ranges of high tensile 
strength. Elongation drops from 
20% in alloys with little zinc and 
magnesium to comparatively stable 
rates of 1 to 2% in the high tensile 
strength range of alloys. 

2. Permanent mold casting. Here 
the tensile strength follows an ab- 
normal pattern. It rises with the 
zinc content up to a concentration 
of 6%, reaches a maximum value at 
about 6 to 7.5% zine and 0.3 to 0.5% 
magnesium, and begins to drop off 
when zinc and magnesium concen- 
tration becomes higher. However, 
if still more zinc and magnesium is 


added, the tensile strength begins to 
rise again and it would appear that 
it will continue to rise in concentra- 
tions of zinc and magnesium exceed- 
ing the percentage of the test alloys. 
Hardness and elongation vary as in 
sand castings. 

3. Effect of grain refining. In the 
test alloys, grain refining did not im- 
prove the mechanical properties in 
all instances. In some cases it had a 
detrimental effect. However, im- 
provement occurred more frequently 
than deterioration, both in sand cast- 
ings and permanent mold castings. 
Improvement of tensile strength 
through grain refining was marked 
only in low-magnesium alloys (up to 
1.5%). Elongation improved when 
the magnesium content was about 
0.5%, but it deteriorated with grain 
refining in higher magnesium con- 
centrations. 

A thorough investigation of the 
mechanical properties and corrosion 
resistance of this type of aluminum 
alloy (conducted by L. W. Kempf 
and L. W. Eastwood and published 
by the American Foundryman’s Soci- 


‘BRINELL HARDNESS he I 
TESTS WITH 


PORTABLE TESTER 


King Test Head 
with Chain Adapter 


ONE 

TEST HEAD 
FITS MANY 
INEXPENSIVE 
ADAPTERS 


Test Head 
1342” base with 
King Brinell Scope 


Bore Brinell 
small test 
head for pipes, 


cylinders, etc. 


The KING PORTABLE HARDNESS TESTER 


@ To test any size, shape or thickness of metal. 
@ Makes guaranteed ac accurate on-the- -spot tests — an 


@ Gap 10” 


chain adapter. 


ywhere 
30”. Throat 4” — 6%” or larger with 


@ Loads from 624% Kg. to full 3000 Kg. 5mm or 10mm steel or 


King Test 


carbide bail. 
@ Will make tests in places no other tester can reach— includ- 


ing cyiinder bores. 
Write for literature and prices to Dept. MP-160 


_ KIN 
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TESTER CORPORATION 


Known the world over for. eccuracy ol depenc obi ifity 


* Also Tempil® Pellets 
and Tempilagq® (liquid form) 


Tempilstik simple 


and accurate means of 
determining preheating and 
stress relieving temperatures in 
welding operations. Widely used 
in all heat treating—as well 
as in hundreds of other 
heat-dependent processes in 
industry. Available in 80 
different temperature ratings 
from 113°F to 2500°F... 
$2.00 each. 


Send for free sample Tempil ° 
Pellets. State temperature desired 
... Sorry, no sample Tempilstiks° 


Most industrial and welding 
supply houses carry Tempilstiks ° 
. if yours does not, write for 

information to: 


MARKETING DIVISION 


Tempil “CORPORATION 


132 West 22nd St., New York 11, N. Y. 
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Al-Zn-Mg Alloys . . . 


ety in 1948) resulted in recommen- 
dation of an alloy of the following 
composition: 6.6% Zn, 0.33% Mg, 
0.4% Cu, 0.25% Cr, 0.15% Ti, 
0.15% Fe and 0.08% Si. The results 
of these experiments confirm that the 
composition of the alloy developed 
by Kempf and Eastwood gives opti- 
mum results. 
K. C. SPENCER 


Failure of Metals 


Digest of “The Failure of 
Metals Under Load”, by Hugh 
Muir, Journal of the Australian 
Institute of Metals, Vol. 3, May 
1958, p. 44-50. 


TH PAPER describes the different 

kinds of failures which occur in 
metals under load, and discusses the 
various approaches which have been 
made to analyze and to prevent fail- 


lurgical developments in the last 
centuries is given. It is shown how 
use of better materials for new pur- 
poses leads to new problems of fail- 
ure — from the collapse of cast iron 
bridges in the 18th century to the 
recent Comet disasters. 

In the past, the problem of failure 
was approached from the engineer- 
ing side, The various modes of fail- 
ure were classified phenomenologi- 
cally, and the paper lists — though 
somewhat arbitrarily — ten different 
phenomena. However, it was diffi- 
cult to understand the complex be- 
havior of many materials. Progress 
was possible only after it was recog- 
nized that only four basic mecha- 
nisms are probably involved in fail- 
ure. These are elastic deformation, 
plastic deformation, crack formation 
and crack propagation. 

The new fundamental approach to 
the failure problem resulted from the 
successful application of the concept 
of solid-state physics to metallurgy. 
It was possible to describe the plastic 
behavior of metals in terms of im- 


atomic scale such as dislocations, va- 
cancies, and impurity atoms. It is 
hoped that the use of these new con- 
cepts will overcome some of the 
problems in failure. 

A review of the various research 
institutions and research programs 
in physical metallurgy in postwar 
Australia is given. Investigations of 
fundamental nature are concentrated 
mainly along two lines: the measure- 
ment of stored energy in plastically 
deformed metals, and the study of 
the basic mechanism involved in the 
various modes of failure. A detailed 
description of five investigations 
dealing with the mechanisms of fail- 
ure then follows. These are: 

1. Investigation of the elastic lim- 
it in steels, and its dependence on 
heat treatment and other variables. 
This dependence is strikingly differ- 
ent from that of the yield strength 
and ultimate tensile strength. 

2. Investigation of the mechanism 
of brittle failure, and, as a further 
consequence, production of ductile 
chromium. 


ure. A brief summary of the metal- 


perfections of the crystal lattice on 


3. Investigation of fragmentation 


SUPERDIE (type D3) high carbon 
high chromium die steel—the unequaled 
die steel—your satisfaction guarantee 


Product of Skilled 
American Workmen 


Carl mayer Hi-Temp, Recirculating Type 
HEAT TREAT FURNACES 


effect large savings in drawing, tempering, ageing, and heat 
treating of such products as bearings, billets, springs, screws, 


tools, gears, etc. in steel or alumi Cont operation 
at temperatures up to 1200° F. Temperature uniformity guar- 


anteed! Gas, oil, or electric fired. 
Write tor Bulletin HT-53 


20800 CENTER RIDGE RD. CLEVELAND 16, 


OTHER PRODUCTS: Core & Mold Ovens * Rod Bakers + Paint and Ceramic 
Drying Ovens + Special P ing Equip aA ies 


METAL PROGRESS 


4 
4 
— 
: 
COLUMBIA TOOL STEEL COMBANY { 
206 
2 


@ for shrink fits 

© for seasoning gauges and tools 
for testing for research 

© for processing fo —140° 


Model RSZ503 Rivet 
Cooler (shown) equipped 
with 90 rivet canisters, tem- 
peratures to —30° F. 110V, 
60 cycle, single phase. 


Model SZH153 with tem- 
peratures to — 95° F.110V; 
60 cycle, single phase. 


Model SZH653, larger 
capacity, temperatures to 
— 85° F. 110V, 60 cycle, 
single phase. 


Model SZHC657. Same 
capacity as SZH653 but attains 
temperature as low as —140° F. 
220V, 60 cycle, single phase. 


Refrigeration: Model SZHC657 operates with 

3 Tecumseh hermetic compressors in a two system cascade. Other 
Sub-Zeros use 2 hermetics in a two stage system. Rivet Cooler operates 
with single hermetic unit. All models equipped with efficient fan- 
cooled condensers — no liquid coolant required. Write Today for Full 
Specifications and Prices. 


Temp. Range Outside Dim. _ Inside Dim. 
Rm. 70° Rm. 110° L W H 4H 
Sub-Zero 15 —95°F. —85°F. 42” 28” 42%" 23” 9” 12'4” 
Sub-Zero SZH653 6.5 —85°F. —75°F. 60° 28” 42%" 47” 15” 16” 
Sub-Zero SZHC657 65 —140°F. —125°F. 60” 28” 42%” 47” 15” 16” 
Rivet Cooler RSZ503 50 —30°F, —20°F. 42” 28° 41° 30” 16” 18” 


REVCO, Inc. 
Setting Trends in Refrigeration since 1938 


Description Model CuFt. 


My name is Poul M. Platzman, 
| pioneered the ultrasonic industry. 
Two well known ultrasonic companies 
were founded by me. Now, my new 
organization, Ultrasonic Industries, 
Inc. is mass producing and selling ultrasonic FABULOUS 


uipment. No middieman’s profit in this fac- 
deal. Tremendous sav- INTRODUCTORY 


ings are passed on to you. Ultrasonic cleaners 
are now within the range of everybody's budget. OFFER $ 9 9 95 

My products stand out because of their unbeliev- 
ably low money-back-guaranteed prices, free five 
r service contract, and consistent trouble- 
performance under the most gruelling con- 
ditions. This is possible because my generators port model: 220V-50 
and transducers incorporate the latest advances ee $7.50 Bee 
in ultrasonic technology. 


ping charges to any 
DI TEGRATOR’ 
ty SYSTEM FORTY 


point within the U.S. 
ULTRASONIC CLEANER 


(except Aiaska and 
Hawaii) if you enclose 
check with order. 
5 DAY TRIAL 
THE LOWEST PRICED ULTRASONIC | Money refunded (less 
CLEANER EVER SOLD! Buy one or 100 and 
save! Rugged, Efficient, Versatile, Fast 
...Cleans in Seconds - Simple One Knob 
Control -Compact-Saves Time and Money! 


shipping charges) if 
not completely sat- 
isfied. 

DISINTEGRATES injurious soils instantly! Semi- 

conductors, relays, crystals, switches, preci- 

sion potentiometers, optical parts, lenses, 

timers, meters, ceramics, gears, printed cir- 

cuit boards, castings, bearings, filters, 

screens, valves, missile and avionic parts, and 

instruments. 


gal. cap. 
including tank, con- 
necting cable, and in- 
struction manual (ex- 


Unprecedented 5 
year service contract 
The DiSONtegrator- 
System 40 is available 
from stock for imme- 
diate delivery in un- 
limited quantities. 
FOR THE FIRST TIME 
A choice of 6 beauti- 
ful colors for office or 
laboratory decor: Ivory, 
Wheat yellow, Tur- 
quoise, Desert sand, 
Pale green, and soft 
grey. Specify color 
when ordering. 


SEND CHECK WITH ORDER NOW TO: DEPT. MP 


ultrasonic industries 


INC. 
141 ALBERTSON AVENUE - ALBERTSON, L.1!., N.Y. + PIONEER 1-4333 
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HEATBATH 
SALT BATHS 


for all Heat Treating Jobs 


CARBURIZING QUENCHING ANNEALING - 
NEUTRAL HARDENING « NITRIDING + BRAZING 
TEMPERING + DESCALING MARTEMPERING 
* HIGH-SPEED HARDENING 


HEATBATH CORPORATION 


SPRINGFIELD 1, MASSACHUSETTS 
or 701 North Sangamon St., Chicago 22, ill. 


38 Years of Service to the Heat Treating 
and Metal Finishing Industry 


= 
4 
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HARRIS CHILLING HELPS 
MAKE PRECISION THEIR 
MIDDLE NAME AT... . 


Miniature Precision Bearings, Inc., 
Keene, N. H., achieves dimensional sta- 
bility in their tiny bearings through 
chill-treating AISI-440-C S.S. and SAE 
52100 steel in their Harris Chilling Ma- 
chine. The chilling process, at -120°F., 
minimizes molecular rearrangement 
and also effects further transformation 
from austenite to martensite. 

MPB also stabilizes tools and gages 
through Harris chill-treatment of alloy 
tool steels and high speed steels used 
in their fabrication. 


Harris Model 5L-B2 Refrigeration Machine 
chill-treats steel at MPB for dimensional sta- 
bility in precision bearings, tools and gages. 


Requiring the utmost in dimensional 
stability, MPB bearings are designed to 
operate at temperatures from —65° to 
-+ 150°F. In smaller sizes, 1000 MPB 
bearings weigh only 3.3 oz. Largest 
MPB part is the outer ring of a % inch 
ball bearing. The company has been so 
successful in living up to its middle 
name, “Precision,” that it was chosen 
one of the top ten plants in the U.S. by 
the magazine, ‘Factory Management,” 
in 1957. 

The Company’s General Marketing 
Manager, Mr. R. I. Kern, testifies that 
their Harris Chilling Machine effec- 
tively speeds transformation of the 
steels, gives more than adequate tem- 
perature control within 5°F., and of- 
fers easy accessibility for operation and 
adjustment. 


ASK HOW CHILLING CAN CUT YOUR 


COSTS, AND IMPROVE YOUR PRODUCT 
. . NO OBLIGATION FOR OUR ADVICE. 


ARRI 


REFRIGERATION CO. 


306 RIVER ST.. CAMBRIDGE 39, MASS. 
Our 26th Year as Specialists in 
Refrigeration Engineering, Manufacturing, Service 


é il development, welding on any appre- 
allure... ciable scale has been in use only 
; ‘ ‘ during the last five years. Great 
(subgrain formation) during creep progress has been made in this 
oo n at elevated tempera- period. In 1958 the number of 

power stations, steel mills and mines 
_ 4. Interpretation of intercrystal- increased by 200 to 1300% compared 
line crack formation during creep. to 1957 (more than the total of con- 
One of the possible mechanisms is ¢ruction projects completed in the 
the condensation of vacancies at pi five-year plan). The use of 
grain boundaries. welding in the building of heavy 


5. Investigation of the mechanism industrial equipment has increased 
of fatigue failure, especially work on oy, the same scale. 


work softening and crack formation At the end of 1958. a National 
under fatigue conditions. ; 
G. ScHOECK 


Welding Conference was held in 
which five groups were formed and 
given the task of promoting the use 
of welding in 11 Chinese cities. 


Welding in Red China Welding speeds up the production A 
of turbines, hydraulic presses, boilers 
Digest of “Development and and other heavy equipment. The 


Revablic next objective is to increase the use 
Zvaranie, June 1959, p. 177-179. of automatic and semi-automatic ’ 

welding equipment with flux, and to 

EVELOPMENT of heavy industry is develop CO, welding. Semi- 


one of the major objectives of | automatic welding produces three 
communist China. Though of prime times more than manual welding, 
importance for speeding up this automatic welding is ten times faster 


PSC’ TUBES 
Vetign 0 Ot Dimensio 


* Light-Weight’ Heat-Treat Units for Every Use 


PSC fabricated tubes furnish four substantial advantages: 
Light-wall construction saves furnace time and fuel. (2) “Return 
bends are of same wall thickness as tubes, promoting uniform 
flow of gas. (3) Smooth dense walls minimize carbon build-up 
and burn-out. (4) Up to 100% longer life. In any alloy, size 

or type, including parabolics. ‘Also sheet-alloy heat-treating 

retorts and covers, boxes, baskets, fixtures, tubes, etc. 
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for the 
CONTROLLED 


application of heat! 


HARROP 
serves research 
and manu- 
facturing 

with standard 
and special 
furnaces 


@ 


ys 


99.7% PURE, IMPERVIOUS ALUMINA WARE 


Resistors: 


radiation or 


ANNOUNCES: 


Electric —NMR Series, Non-Metallic 
Resistors; cabinet, box, tube, eleva- 
—— Gas-Fired — floor or elevator types 
: ‘ When you require controlled ap- 


plication of heat . . . in research, 
POROUS, PURE ALUMINA TUBES 1 2 testing or small-parts manufactur- 
ing . .. Harrop experience can 
2 4 ; guide you to the selection of the 

° ° + th standar rr 
for temperatures up to 1900° C. (3450° F.) 99°% inst will meet your needs, 
Al203 developed for use in hydrogen and cracked 
A mentation — pro- 
ed . An rst- ~ever 
ammonia reducing atmospheres Z&\ good electrical is readily undertaken 

j i j i ction ex 
resistance at high temperatures A\ porosity approxi- pee + 
H j i n r - 
mately 25% A recommended for use with platinum, 
Firing — electric or gas 
molybdenum or tungsten wound heating elements ZA - Temperatures —up to 4,200° F. 
(and higher if required), in 

smooth, fine-grained alumina Z\ in sizes ranging up * teal Instrumentation — for any 

: need, both in respect to 

4 = ers control and to control forms 

to 6” |.D. x 48”—available open both ends $ aj affecting the time-tempera- 

‘ —_ Setting Space —in diverse 

Write for technical data, or call STillwell 4-3222 

unusual is this interfer- mechanical and electrical 


e ometer. accessories 
anise For Non-Obligating Recommendations, send 
Ou”g. INCORPORATED information on materials, temperature range, heat 
3300 48th Avenue —Long Island City 1, New York control and firing objectives to Dr. Robert A. 
In Canada: Morganite Canada Ltd., Toronto Schoenlaub, Technical Director. 
Manufacturers of fine carbon graphite products including carbon HARROP ate ere 1 ve RNACE DIVISION 
specialties, motor and generator brushes, current collectors, etc. Dept. M 3470 E, Fifth Ave. Columbus 19, Ohio 
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Conference Chairman 
Robert C. Bertossa 
Pyromet Co. 


South San Francisco 


Golden Gate Conference Officials 


Golden Gate Metals Conference 


San Francisco, Calif. 
Feb. 4 through 6, 1960 


Fairmont Hotel 


Technical Chairman 
R. A. Huggins 
Professor of Metallurgy 
Stanford University 


General Arrangements Chairman 
Norman McLeod 


Tube Forgings of America 


Thursday Morning, Feb. 4, 1960 


Thursday Afternoon, Feb. 4, 1960 


Metallurgical Problems in Electronics — I 


High Strength Steels —I 


Chairmen: John C. McDonald and 
H. Theodore Sumsion 
Lockheed Aircraft Corp. 
Materials and Fabrication Problems of Homogen- 
eous High-Strength Pressure Vessels 
By Lawrence L. Gilbert, Aerojet-General Corp. 
Fracture Theory as Applied to High-Strength 
Steels for Pressure Vessels 
By George R. Irwin and Joseph Kies, Naval 
Research Laboratory 
Stress-Corrosion Cracking of Aircraft and Missile 
Steels 
By E. H. Phelps, United States Steel Corp. 
Correlation Between Burst Tests and Laboratory 
Tests of High-Strength Steels for Pressure 
Vessels 
By Dean K. Hanink, General Motors Corp. 


Chairman: Lester Feinstein 
Stanford Research Institute 
Metallurgical Problems in Electron Tube Tech- 
nology 
By Walter H. Kohl, Sylvania Electric Prod- 
ucts, Inc. 
Degassing Properties of Materials in Ultra High 
Vacuum 
By N. Milleron, University of California, Law- 
rence Radiation Laboratory 
Cleaning of Metals for Use in Electronic Tubes 
and Semiconductors 
By D. E. Koontz, Bell Telephone Laboratories 
Metallurgical Problems Encountered in the Fabri- 
cation of Semiconductor Devices 
By Robert E. Lorenzini and Leo B. Valdez, 
~ Semiconductor Co. 


High-Strength Steels — II 


Chairmen: Harry L. Anthony 
Mellon Institute for Industrial Research 
and Carl E. Johnson 
Lockheed Aircraft Corp. 


N.A.S.A. Program for Development of High- 
Strength Steels for Missile Motor Cases and 
Pressure Vessels 
By William F. Brown, Jr., National Aeronau- 
tics and Space Administration 

Ultra-High-Strength Steels for High-Performance 
Missile Cases 
By G. K. Bhat, Mellon Institute for Industrial 
Research 

Fabrication Techniques Applicable to Rocket 
Motors 
By John H. Peters, United Aircraft Corp. 

Future Applications of High-Strength Steels 
By Eugene P. Klier, National Academy of 
Sciences 


Metallurgical Problems in Electronics — II 


Chairman: Lester Feinstein 
Stanford Research Institute 

The Platinum Metals and Nickel in the Electronic 

Industry 

By E. M. Wise, International Nickel Co. 
Refractory Metals in Electron Tubes 

By R. F. Wehrmann, Fansteel Metallurgical 

Corp. 
Rhenium in Electron Tubes 

By Chester T. Sims, General Electric Co. 
Permanent Magnets in the Electronics Industry 

By C. S. Maynard, Indiana Steel Products Co. 
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Friday Morning, Feb. 5, 1960 


Uses of Ultrasonics 
in the Metalworking Industry 


Chairman: Wallace J. Erichsen 
Westinghouse Electric Corp. 

Ultrasonic Welding, Brazing and Soldering 

By Walter Welkowitz, Gulton Industries, Inc. 
Effect of Ultrasonics on Grain Growth During 

Casting 

By D. H. Lane, Westinghouse Electric Corp. 
Ultrasonic Cleaning, Pickling and Electroplating 

By H. F. Osterman and T. Santa Lucia, Bran- 

son Instrument Co. 
Ultrasonic Drilling, Grinding and Machining 

By H. B. Foulkes, Cavitron Equipment Corp. 


Joining Metals to Nonmetals 


Chairman: Richard M. Fulrath 
University of California 

Current Practices in Ceramic-Metal Joining 

By Leon Lerman, Sylvania Electric Products, 

Inc. 
Theory and Practice of Glass-Metal Sealing 

By Joseph A. Pask, University of California 
Ceramic-Metal Joining Problems in the Missile 

Industry 

By J. Patrick Sterry, Boeing Airplane Co. 


New Techniques for Processing Materials 


Chairman: David A. Stevenson 
Stanford University 
The Application of Electron Beam Melting to the 
Processing of Materials 
By Charles d’A. Hunt, Temescal Metallurgical 
Corp. 
The Application of the Plasmatron to the Process- 
ing of Materials 
By Ben Lohrie, Plasmakote Corp. 
Techniques for Growth of 3-5 Compounds 
By C. Sheldon Roberts, Fairchild Semicon- 
ductor Corp. 


Saturday Morning, Feb. 6, 1960 


Friday Afternoon, Feb. 5, 1960 


Brazing 


Chairman: Harry Fisk 
Aerojet-General Corp. 

Advanced Brazing Techniques for Aircraft, Mis- 

sile and Spacecraft Requirements 

By John Long and George Cremer, Solar Air- 

craft Co. 
The Metallurgy of Brazing René 41 

By George Hoppin III, General Electric Co. 
New Techniques in High-Temperature Brazing 

By N. Bredz, Armour Research Foundation 
The Hortonclad Process of Vacuum-Pressure 

Brazing 

By R. C. Bertossa, Pyromet Co. 


Metallurgical and Welding Problems 
in the Chemical and Petroleum Industries 


Chairmen: John W. Parks and 
Robert D. Switters, 
Standard Oil Co. of California 
Stress Cracking in Exchanger and Condenser 
Tubing 
By George A. Nelson, Shell Development Co. 
Notch Sensitivity of Carbon Steels at Ambient 
Temperatures 
By Earl R. Parker, University of California 
Field Welding and Annealing of Air Hardening 
Steels 
By Robert L. Skaggs, Standard Oil Co. of Cali- 


fornia 


New Techniques for Forming Materials 


Chairman: Jess W. Wilson 
Stanford Research Institute 

Application of Shear Spinning to the Fabrication 

of Solid Propellant Rocket Cases 

By L. E. Zwissler, Aerojet-General Corp. 
Spark Machining, a New Technique in Fabrication 

By D. L. Curtis, Japax America Corp. 
Solution of Fabrication Problems by Explosive 

Forming 

By L. Zernow, Aerojet-General Corp. 


Fairmont Hotel, San Fran- 
cisco, Site of Golden 
Gate Metals Conference 
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Welding . . . 


than the manual method, and weld- 
ing with a CO, atmosphere is, for 
certain types of work, twice as effec- 
tive as automatic welding with flux. 

In China, semi-automatic welding 
is used not only for the production 
of parts subjected to minor stresses, 
but also for welding high-pressure 


also been made in welding processes 
for nonferrous metals. The aircraft 
industry welds aluminum and 
aluminum alloys. Nonferrous metals 
are welded also with an argon 
atmosphere. 

Friction welding, resistance weld- 
ing, hot and cold pressure welding, 
and flame welding have been used 
in solving different problems, such 
as fusing aluminum to copper. In 


Table I— Typical Dimensions for Friction Welding 


MATERIAL Maximum DiAMETER | MAximuM Cross SECTION 
Aluminum with aluminum 1 3/16 in. 1 sq.in. 
Aluminum with copper % 

Copper with copper l % 
Steel with steel ] 34 
Aluminum with steel 1 4% 


vessels. Automatic welding has been 
used successfully on vertical plates 
in ship building and on heavy boiler 
construction. 

Preheating has been used exten- 
sively in the welding of heat resist- 
ing, heatproof and hard materials 
(castings). Great advances have 


1958 several types of friction weld- 
ing machines were built. This proc- 
ess is rapidly finding more applica- 
tions and has the advantages of low 
current consumption. Dimensions 


of the parts which can be welded by 
one typical model of this machine are 
listed in Table I. The stationary 


piece can be of any desired length. 
Maximum length of the rotating 
piece is 6% in. and it turns at 2880 
rpm. Motor capacity is 4.5 kw. 

China also produces equipment 
for all other types of welding: Gen- 
erators and transformers for manual 
arc welding; several types of resist- 
ance welding machines (for example, 
automatic tube welders); semi- 
automatic machines for welding with 
flux; equipment for the manufacture 
of arc welding electrodes (for exam- 
ple, a hydraulic press of Chinese 
design for pressing coated elec- 
trodes); welding guns and other 
equipment. 

In 1957 the first Welding Re- 
search Institute was established in 
Harbin. Welding research is also 
conducted by the Chinese Academy 
for Science, a number of government 
departments, universities and indus- 
trial organizations. A monthly pub- 
lication, Hanjie (Welding) has been 
published since the beginning of 
1957. China’s welding experts were 
educated in China, the U.S.S.R., and 
in Czechoslovakia. 

K. C. SPENCER 


Happy answer to a problem! 


*/f you have a problem of excessive temperatures, pressures 
or abrasion, let us help you solve it with a GRAFO Water, 
Oil or Alcohol Dispersion for your conditions. 


Corporation 
279 Wilkes Place, Sharon, Pa. 3 


GRAFO COLLOIDS 


Leading producers 
of extrusions use GRAFO 


Many manufacturers of aluminum extrusions already 
know the basic answer. It's simply this: A/uminum. 
Extruding plus GRAFO equals Uniformly High Quality! 


Why? Because GRAFO Colloidal Graphite dis- 


persed in water reduces die wear, prevents sticking, 
gives better metal flow and improved production. 


Send for Sooklet “The Biggest Ounce of Protection” 


adjustable alarm 
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MODEL W ELECTROLYTIC 
MOISTURE ANALYZER 
Vacuum connected unit with 


Measures water 


~ content better than 
] part per 


1,000; 00 


Useful applications: 

@ Measure moisture in flue 
gases in heat treating. 

@ Continuous or batch analyses 
of moisture in a wide variety 
of gas streams — including 
process streams, inert atmos- 
pheres required in plant proc- 
esses and laboratory dry 
boxes, and plant instrument 
streams. 

@ Measuring reaction rates 
where water is involved as a 
reactant, product or catalyst. 
Available in portable, weather- 
proof, explosion-proof, auto- 


matic control and recording 
units. 


All Model W analyzers include flow indicators 
Write for complete information 


MANUFACTURERS ENGINEERING 


IMEcCOR & EQUIPMENT CORP. 
10 Sunset Lane, Hatboro, Pa. 
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Behind the 


The author of “An English Metal- 
lurgist Looks at Progress in Metal 
Forming”, D. V. Wilson, became 
interested in the potential value of 
advances in metals physics to prob- 
lems in practical metallurgical pro- 
duction after the war, and from 1947 
to 1950 carried out research at the 
University of Sheffield on the cold 
working of steel. He received his 
doctorate from the university in 1950 
and since that time has been a lec- 


D. V. Wilson 


turer in the department of industrial 
metallurgy at the University of 
Birmingham. Senior lecturer since 
1957, his recent research has been 
in the fields of plasticity, strain aging 
and metal forming. A graduate of 
Cambridge University in 1938, he 
started work for the British Non- 
Ferrous Metals Research Assoc. but 
on the outbreak of war was seconded 
to the Royal Ordnance Factory 
where he stayed until 1947. 


While Mr. Hiibscher was born in 
England, he was educated in Swit- 
zerland, and for three years after 
graduation, he was an assistant to 
Prof. F. P. Treadwell at the Federal 
Technical High School at Zurich, 
and fer another three years was at 
Mond Nickel Co.’s refinery in South 
Wales. Returning to Switzerland in 
1914, he joined the staff of George 
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By-lines 


Fischer Limited at Schaffhausen and 
was soon put at the head of the steel 
castings division in the research 
laboratory when it was founded in 
1922, and in this position took a 


Hans E. Hubscher 


leading part in the development of 
melting and heat treating practices 
for such new steels as low-alloy 
nickel-chromium steels and _high- 


alloy corrosion resisting steels. Since . 


1953 he has been metallurgical as- 
sistant to the manager of the George 
Fischer steel foundries. 


The facts for the article on high- 
temperature alloys in the U.S.S.R. 
were gathered by A. G. Guy during 
a six-month stay at the Baikov Insti- 
tute of Metallurgy in Moscow under 
a National Science Foundation 
grant. A professor of metallurgical 
engineering at Purdue University, 
Dr. Guy spent the academic year 
1958-59 on sabbatical leave with his 
family (a wife and two teenage 
daughters) in Europe. Originally 
hoping to spend a full year in the 
Soviet Union on a scientific ex- 
change, his stay was reduced to six 
months due to visa difficulty; how- 
ever, he had an opportunity to spend 
three weeks in Russia as a member 
of the Exchange Commission on 
Engineering Education while wait- 
ing for the exchange to be arranged. 


Detector for contact or 
‘testing makes a 
in the ica 


SENSITIVITY reveals 1/64” FBH full- 
scale at 2.25 and 5.0 mc/s; 


RESOLUTION clearly defines 3/64” 
FBH at 1/8” at 2.25 mc/s in con- 
tact testing; 

CALIBRATED CONTROLS make it 


possible to return precisely to pre- 
vious conditions; 


INFINITE CHOICE OF FREQUENCIES 
without tuning: broad-band receiver 
adapts automatically to any trans- 
ducer from 0.4 to 10.0 mc/s; 


PYRAMID MARKER with variable de- 
lay for precise interpretations with 
contact or immersed, angle or 
compression techniques. 
SIMPLIFIED CONTROLS, lightweight 
(37 Ibs.), and assured nationwide 
factory-trained service. 


BRANSON INSTRUMENTS. INC. 


6 Brown House Road, Stamford, Conn. 
Send SONORAY® Bulletin T-203 to 


NAME__ 


FIRM__ DEPT. 


ADDRESS 
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STRAITS 
2 
REPORT Re 
News of developments 


in the production \ 
and uses of tin 


SUREAU: 


Nontoxic, inert, malleable — all. 
three are descriptive of tin. One of 
man’s oldest metals, it is still vital in 
our modern economy. For example — 


For product protection, 60.7% of all 
tin consumed in the U.S. is used in 
manufacturing tinplate, largely for 
containers. 135 industries package a 
total of over 2500 products in more 
than 42 billion cans annually! 


For joining and sealing, 14.8% of all 
tin used is in alloy with lead to form 
solder. 


For strength and corrosion re- 
sistance, 6.5% is consumed in the tin- 
copper alloy, bronze. 


For anti-friction properties, 4.1% is 
consumed in the high-tin/lead alloy, 
babbitt, generic for bearing metals. 


ye 


For protective coatings, tinning ac- 
counts for 3.9%. Hot-dipped tin pro- 
vides a smooth, reflecting surface, 
particularly adaptable for food pro- 
cessing equipment. 


For castability, white metal — 
alloys of tin, antimony, lead, bismuth, 
and copper — account for 3.2% of 
U.S. tin consumption. 


Miscellaneous alloys use 4.2% ; chemi- 
cals, 1.1%; and collapsible tubes, 
1.5%. 


There's no substitute for tin 
. . . and no substitute for Straits Tin 
from Malaya — recognized standard 
for quality and uniformity, available in 
reliable supply from sizeable reserves. 


Write today for more 
data on these items or 
for a free subscription to 
TIN NEWS—a monthly 
bulletin on tin supply, 
prices and new uses. 


The Malayan Tin Bureau 
Dept. 25-A, 2000 K Street, N.W., Washington 6, D.C. 


214 


Behind the Bylines . . . 


Although his college training at 
the University of Chicago was in 
chemistry, his interest in metallurgy 
led him to graduate work in that 
field and in 1946 he received his 
doctorate in metallurgy from Car- 
negie Institute of Technology. After 


A. G. Guy 


several years in industry, he joined 
the faculty of North Carolina State 
College, taught for four years, then 
spent two years as chief of the metal- 
lurgy branch of the Office of Ord- 
nance Research in Durham, N. C., 
before coming to Purdue as asso- 
ciate professor in 1952; he was 
named full professor on the faculty 
in 1955. 

One of his spare-time activities is 
keeping in touch with Russian work 
in his field and he is familiar to 
Metal Progress readers as a digester 
of Russian metallurgical papers, 


F. Howitt and I. H. Jenks, authors 
of the report from Canada on im- 
proved aluminum alloys for bright 
anodizing, are both with Aluminium 
Laboratories Limited in Kingston, 
Ont. Mr. Howitt, a graduate of 
Sheffield University in England, has 
been on the staff of the Aluminium 
Limited Group since 1936 when he 
joined Northern Aluminium Co. 
Limited in the United Kingdom. In 
1954 he came to Canada and a year 
later transferred to Aluminium Lab- 
oratories Limited where he is head 
of the physical metallurgy division. 
Mr. Jenks received his schooling at 
Mount Allison University, Sackville, 
New Brunswick, and after several 


years with the Aluminum Co. of 
Canada transferred to the associated 
research company, Aluminium Lab- 
oratories Limited, as a_ technical 
writer; since 1947 he has been head 
of the publications division. 


Alan Blainey’s report on hot 
pressing powders in England is 
based on work carried out at the 
United Kirigdom Atomic Energy Re- 
search Establishment in Harwell, 
England. Educated in Manchester 
and Liverpool, he worked on light 
metals with High Duty Alloys, Ltd. 
and on powder metals with Hard 
Metal Tools Ltd. and Parnall Air- 
craft Ltd., until joining A.E.R.E. in 
1946. After nine years of work on 
nuclear metals and fuel elements, 
he transferred to the research staff 
of the Anglo-American Corp. of 
South Africa Ltd. He is now work- 
ing in Johannesburg. 


The report from Norway on elec- 
tropolishing of columbium and tan- 
talum is the joint effort of O. J 
Krudtaa and K. Stokland of the 
Central Institute for Industrial Re- 
search in Oslo. Mr. Krudtaa has 
worked as metallurgical engineer at 
the Institute since 1957, specializing 


0. J. Krudtaa 


in metallography. After graduating 
from the Goteborg Tekniska Institut 
in 1954, he continued his education 
on a scholarship given by the Royal 
Norwegian Council for Scientific and 
Industrial Research, studying ma- 
terials testing at the Oslo Institute 
for Testing Materials and metallurgy 
and metallography at the Max- 
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Planck-Institut for Metal Research. 

As for the co-author, Mr. Stok- 
land’s field is inorganic chemistry. 
He received a chemical degree from 
the Norwegian Institute of Tech- 
nology and was a laboratory instruc- 
tor in inorganic chemistry at the 
Institute for three years. Then in 
1946 he joined the Norwegian De- 
fense Research Establishment where 
he organized the department for in- 


K. Stokland 


organic chemistry, corrosion and 
metallography, and also worked on 
the refining of uranium for the Nor- 
wegian Institute of Atomic Energy. 
Since 1951 he has been head of the 
inorganic chemistry department at 
the Central Institute. 


The interesting survey on Russian 
educational methods in the metal- 
lurgical field by Ian G. Slater is the 
result of a recent trip to Russia to 
study higher technological education 
and industry there. At present head 
of the department of metallurgy in 
the College of Advanced Technology 
in Birmingham, England, Dr. Slater 
has had varied experience both in 
academic work and in industry. He 
graduated in metallurgy and joined 
the staff of the British Non-Ferrous 
Metals Research Assoc., working on 
a number of problems related to 
aluminum alloys and the casting and 
rolling of nonferrous metals gener- 
ally. In 1936 he joined the Royal 
Naval Dockyard in Portsmouth as 
chief metallurgist, completing his 
career with the Royal Naval Scien- 
tific Service in 1949 as director of 
operational research. He was sub- 
sequently appointed director of re- 
search and development to the alu- 
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minum division of Tube Investments 
Ltd. and five years ago returned to 
the academic world. 


S$ 
H. P. Tardif has been physical 


metallurgist and head of the materi- 
als laboratory for the Canadian Ar- 
mament Research and Development 
Establishment in Valcartier, Que., 
since 1953, specializing in explosive 
forming. After graduating from 
Laval University in Quebec in 1949, 
he received a Quebec Department 
of Mines Scholarship for a year of 


H. P. Tardif 


study at Carnegie Institute of Tech- 
nology, and then went to Ottawa 
as a metallurgist at the Bureau of 
Mines. Awarded an Athlone Fel- 
lowship, he was engaged in research 
work in the department of industrial 
metallurgy at the University of 
Birmingham, England, for two years, 
receiving his doctorate in 1953; on 
his return to Canada, he took up his 
present post. 


Yoder Tube Mills 
speed tailpipe production 
at AP Parts Corporation 


The AP Parts Corporation (Toledo, 
Ohio), world’s largest producer of 
replacement mufflers and tailpipes, 
uses 2 YODER Tube Mills to produce 
more than 300 ft. of 134”, 17%” and 2” 
tubing per minute. 


According to Mr. John Grindle, Plant 
Engineer, the two-man operated 
YODER Mills are vital to the produc- 
tion of the entire plant. “YODER Tube 
Mills earn their keep daily. They are 
easy to set up, maintain and operate 
...the welds are clean and uniform. 
We depend on them for constant 
quality, high production and mini- 
mum downtime”. 


The YODER Tube Mills at AP Parts 
exemplify the production economies 
and dependability of all YODER-built 
equipment, whether it be Pipe and 
Tube Mills, Cold Roll-Forming 
Machinery or Slitting Equipment. 


If your products require ferrous or 
non-ferrous pipe or tubing, from 14” 
to 26” diameters, there is a YODER Mill 
designed to produce it economically, 
accurately and efficiently. 


For complete information on YODER 
Pipe or Tube Mills... write for the 
fully illustrated, 88 page YODER Tube 
Mill Book ...it is yours for the asking. 


THE YODER COMPANY 
5595 Walworth Avenue + Cleveland 1, Ohio 


PIPE AND 
TUBE MILLS 


(ferrous or non-ferrous) 
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THE ELECTRIC EF co. 


| GAS + OIL + ELECTRIC | Oil - ELECTRIC 


Chain Belt Conveyor Furnaces 


for scale-free hardening, carbon restoration, carburizing, carbonitriding 
or non-decarb heat treatment of — bolts, rivets, springs, bearing cups 
and races, and a wide variety of other small and medium size parts. 


The material to be treated is 
loaded directly onto the specially 
designed, long wearing, heat re- 
sisting, cast alloy link conveyor 
belt; is carried through the furnace; 
uniformly heat treated; and dis- 
charged automatically through a 
sealed chute to EF continuous 
quenching equipment ;—and either 
carried on through washing equip- 
ment and draw furnace, or passed 
directly to tote boxes. No pans or 
trays are needed thus avoiding 
heating this additional weight, 
and assuring high fuel economy. 


Furnished in 15 standard sizes, 
Capacities from 175 to 3,000 lbs. 


per hour giving you a wide range 
to choose from, assuring prompt 
delivery and minimizing charges 
for new engineering. Gas or oil 
fired radiant tube—or electrically 
heated—whichever suits your 
requirement best. 


The furnace is usually furnished 
complete with EF special atmos- 
phere generating equipment; oil, 
water or dual oil and water quench; 
washing equipment and all needed 
material handling facilities. 


Ask us also about our wide ex- 
perience in designing and building 
wire mesh belt, car bottom, roller 
hearth, roller rail, catenary, bulk- 


head tray, walking beam, bell, pit, 
rotary, screw = | other types of 
furnaces for annealing, normaliz- 
ing, galvanizing, coating, brazing, 
sintering, billet heating, mallea- 
blizing and other heat treatments. 


For any ferrous or non-ferrous 
furnace heat treating project you 
will find “It pays to call the EF 
heat treating engineers’’. Let us 
work with you on your next project! 


SEND FOR BULLETIN NO. 591 
Twenty pages. It illustrates 

ond describes the many dif- 

ferent types of furnaces we 

build, and the applications 

in which each is used. 

Write for your 

copy TODAY! 


THE ELECTRIC FURNACE co. 


Gas-fired, Oil-fired and Electric Furnaces for Heat Treating any Prod 


uct Using any Process, any Hourly Output. 
200 West Wilson street Chieo 


Branch Offices in Detroit, Mich., Santa Ana, Calif., and Cheshire, Conn. Canadian Associates, Canefco Limited, Toronto 13, Ontario 
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Photograph courtesy of Pacific Forge, Inc., Fontana, Calif. 


Of course Pacific Forge is fussy 
about surface condition 


On drill bits for Security Engineering Division, Dresser Operations, Inc., Aristoloy round- 
cornered squares meet this forger’s stringent requirements. In-plant scarfing and 
grinding prior to forging have been eliminated—rejects caused by surface defects 
have been reduced to a minimum. 


The secret—careful control of Aristoloy Steels from electric furnace melting to final 
rolling operations. The result—alloy steels of prime forging quality—and uniform 
chemical, structural, and hardenability characteristics 
that satisfy the critical use requirements for rock drill bits. 


For complete information about Aristoloy structural alloy, 
stainless and carbon steels in leaded or standard analy- 
ses, contact the local Copperweld representative in your 
nearest large city. Or write for complete information. 


COPPERWELD STEEL COMPANY 
ARISTOLOY STEEL DIVISION + 4013 Mahoning Ave., Warren, Ohio + EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 
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